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The Year’s Progress 


Heavy Engineering and Plant 


STEAM TURBO-GENERATORS. 

Plant commissioned during 1957 includes three 
60 MW sets and two 30 MW sets for the Central 
Electricity Generating Board, two 30 MW sets for the 
Kelvin Station of the Johannesburg City Council 
(fig. 1) and many turbo-generators of smaller rating at 
home and abroad. These bring the total rating of sets 
placed in service during the last three years to over 
1,300 MW. 

At the Hams Hall ‘ C’ Station, where the first set 
was installed in 1956, five 60 MW machines are now 
in service (fig. 2). 

Overseas, a contract has been placed for two 60 
MW sets for the new Kelvin ‘ B’ station, which will 
make a total of eighteen sets exceeding 30 MW 
rating ordered from the Company by the Johannes- 
burg City Council. 


A further 120 MW reheat set has been placed on 
order by the Central Electricity Generating Board for 
the Northfleet Station. 

Two comprehensive contracts in which the Com- 
pany’s responsibility covers the complete power 
station, including civil work, are worthy of mention. 
The first is the Ravenscraig project for Colvilles 
Limited, this being an integrated steel works develop- 
ment undertaking including four gas-fired boilers, 
three turbo-generators and two turbo-blowers, all 
of which were completed on the scheduled pro- 
gramme and commissioned early in 1957, just over 
two years after commencement on an undeveloped 
site. The second is a project entrusted to the Com- 
pany’s Australian engineering organisation which 
covers the complete power plant for Mt. Isa mines. 
The 30 MW set forming the first stage of this project 





Fig. |.—The City of Johannesburg has now installed or on order over 750,000 kW of G.E.C. generating plant. The set 
illustrated is typical of those supplied. 
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will be suited to a completely outdoor station arrange- 
ment and appropriate to the climatic conditions in 
the centre of Queensland. 


DEVELOPMENT. 

Consideration of the special problems associated 
with very large reheat turbines, and further develop- 
ment of sets for nuclear power stations, have been 
the principal subjects of attention during the current 
year. The ratings which may now be considered 
as fully developed extend to cross-compound reheat 
cycle sets of 550 MW at 3,000 r.p.m. and 400 MW 
at 3,600 r.p.m. 


and linkage. This valve is operated under governor 
control and gives effective synchronising and light 
load control by throttling in series with the governing 
valves. The design is particularly suited to onerous 
high temperature conditions and apart from its 
principal function of emergency closure, it incor- 
porates a feature to prevent opening should the 
governing valves not be functioning correctly. 

The acceleration that occurs in a large reheat 
machine when full load is rejected demands exacting 
performance from the governor, valve closing mechan- 
ism, and all interconnected relays. The acceleration 
may well exceed 15 per cent per second and with 





Fig. 2.—Five of the six 60 MW sets at Hams Hall ‘ C’ power station. 


Some of the developments arising from considera- 
tion of these very large machines have presented 
solutions which may be applied very favourably to 
sets of lower ratings. This applies broadly to methods 
of support, sensitivity of governing and on-load 
valve testing arrangements. 

An example of the form of emergency valve adopted 
is illustrated (fig. 4). The on-load test facility for 
such a valve, operated by an interlocking key, will 
be observed on the right of the relay casing ; operation 
of this exercises all associated relay and pilot pistons 


an overspeed trip setting of 10 per cent the response 
demanded from the governing gear and the per- 
missible time for valve closure is extremely short 
if the set is to remain under governor control ready 
for resynchronising. 

The higher acceleration experienced with large 
reheat machines in the event of full load rejection 
arises from the relative inertia of the rotors and the 
energy of steam stored within the cylinders, reheat 
circuit and various loop pipes and crossover pipes 
between cylinders at the moment of load shedding. 
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The first consideration in ensuring that the transient 
speed rise is arrested within a comfortable margin 
of the overspeed trip setting is to have effective 
governor response and interpret this into closure of 
governing and reheat interceptor valves. 

To meet these requirements an acceleration sensi- 
tive device has been incorporated in the speed gover- 
nor which has exceptional response characteristics 
combined with a very desirable simplicity and robust- 
ness of gear. A governor of this form is illustrated 
in fig. 3. It comprises essentially a centrifugal 
speed governor acting directly on the pilot valve 
of the primary governing relay ; and an associated 
anticipatory gear, the cylinder of which receives oil 
under any governing condition where an abnormal 
displacement occurs between the governing pilot 
and its associated piston. In such event the accelera- 
tion piston anticipates the following movement of 
the primary relay piston and gives instantaneous 
and full movement to the pilots of the secondary 
governing relays. The response of this gear is such 
that the primary power pistons have completed 
their travel in 0-02 sec. and all steam valves are com- 
pletely closed within 0-25 sec. The acceleration 
device is automatically reset within a further fraction 
of a second. 

The effectiveness of such gear when applied to 
the less exacting duty of straight cycle machines 


POWER PISTON OF 
ANTICIPATORY GEAR. Pt 


VERTICAL SPEED 
" “"RSSVERNOR. 





Fig. 4.—Section through Stop and Emergency Valve, associated 
operating relay and on-load testing gear. 


may be judged from the transient speed rise to be 
expected from, say, a 60 MW set rejecting full load, 
this being limited to approximately 5 per cent as 
compared with the B.S.S. 
limit of within 10 per cent. 


BOILER FEED PUMP MOTORS. 
The increase in output of 


t ] generating plant has necessarily 


Wtf given rise to a corresponding 
! increase in the size of motor 
required for boiler feed pumps, 
and an ordernowin hand covers 
four 6,500 h.p., 6-6 kV, 2,980 
Ly r.p.m. motors for the boiler 














— plant supplying the 200 MW 
turbo-alternators at the West 
Thurrock power station. This 
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contract is of special interest in 





that it marks a departure from 
the generally accepted practice 














of using squirrel cage machines 
with hydraulic couplings to 
give the necessary changes in 
pump speeds. 

The motors, which are the 
largest of their kind to be 
ordered in this country for 
this class of work, are variable- 
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5 speed regulation being effected 

by liquid controllers which 

jt, are continuously rated over 





the specified speed range. 








Fig. 3.—Section aaah s governor, primary and secondary relays, showing power piston of 


anticipatory gear, 





The controllers are operated 
through a _ servo-mechanism 
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actuated by signals derived from the pressure drop 
across the feed water control valves. 


DIRECT-COOLED STATOR WINDINGS. 


The increasing demand for turbo-alternators having 
outputs of 200 MW and above has caused attention to 
be focused on the problems of cooling the windings 
efficiently. More efficient rotor cooling by transferring 
the heat to a stream of hydrogen flowing through the 
conductors, and a parallel development in water 
cooling stator windings, have been described in 
previous issues.* 

Although the advantage gained by direct hydrogen 
cooling the rotor enables a substantial increase to be 
obtained from a given frame size, water cooling the 
stator windings does not confer such a marked advan- 
tage. It does, however, satisfy another important 
demand in that the weight of a wound stator for units 
in excess of 200 MW can be kept within the maximum 
permissible transport weight of about 160 tons. The 
alternative of building conventional stators, and wind- 
ing on site, would introduce many problems. Investi- 
gations on large alternators have indicated that the 
advantages of known heat paths, low temperature rise 
and matched capability of stator and rotor windings 


* G.E.C. Journal, Vol. 22, pp. 155-160, July, 1955, and Vol. 24, pp. 
148-153, July, 1957. 


may well justify the small additional complication of 
water circuits on smaller machines, where the saving 
in weight becomes less significant. 

It will be remembered that water was selected for 
cooling because it possesses a higher specific heat and 
specific gravity than transformer oil, it has no fire risk, 
and when pure has a high electrical resistance. It 
involves no departure from established winding 
techniques and fully satisfies mechanical and electrical 
requirements. Each stator conductor comprises a 
number of thin-walled but robust rectangular copper 
tubes and solid copper strips, the strips carrying most 
of the current. The tubes are arranged symmetrically 
within the slot, each having a solid strip above and 
below it with only light insulation between. Pure 
water enters the tubes through the main terminal 
bushings, which it incidentally cools, and leaves from 
six points on the stator end turns. Transposition of the 
sub-conductors is effected at the joints between coils in 
such a way that each tube, with its associated strips, 
follows round from top to bottom in an orderly 
sequence. With this construction, jumpers are elimi- 
nated and jointing is simple. 


AUTOMATIC VOLTAGE REGULATORS FOR LARGE 
ALTERNATORS. 


An automatic voltage regulator of the magnetic 
amplifier type, which dispenses with the need for a 





Fig, 5.—Heavy-duty blade mill for scrubbing and cleaning manganese ore. 
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pilot exciter, has been developed for use with large 
turbo-alternators where a high degree of accuracy 
and/or high speed of response is required. The first of 
this type, for one of the 60 MW alternators to be 
installed at Poole Power Station, has been completed 
and further orders are in hand. 

The principle of operation is briefly as follows. The 
alternator terminal voltage is compared with a fixed 
reference voltage and any error is amplified by three 
magnetic amplifier stages and fed directly to the field 
of the main exciter. The regulator is continuously 
acting and maintains the alternator terminal voltage 
within + 0-5 per cent of the set value. As it involves 
only static components, the regulator is very robust 
and maintenance is negligible. A 400-cycle self-excited 
pilot alternator is provided to supply the magnetic 
amplifiers. 

Compounding can be included in the voltage signal 
to give “parallel running operation” or line drop 
compensation, as required. 

For hand control, the output stage magnetic ampli- 
fier is controlled by a small induction regulator, giving 
very smooth control and much reduced maintenance 
when compared with the usual field rheostat. The 
“* follow-up ” characteristic of the hand control equip- 
ment ensures that the change from automatic to hand 
control is achieved without any disturbance to the 
alternator excitation. 

A low-excitation limiter is included as an integral 
part of the regulator. This device supervises contin- 
uously the angle between the rotor pole axis and the 
busbar voltage vector, this angle being the fundamental 
factor governing the stability of the alternator. Should 
the angle exceed the prescribed setting, the limiter 
overrides the voltage control of the regulator and 
effects an instant increase in the alternator excitation, 
thus preventing instability. 

The regulator equipment is housed in a sheet steel 
floor-mounting cubicle which is usually installed near 
the field suppression equipment. Facilities are pro- 
vided for remote control from the station control room. 


MECHANICAL ENGINEERING. 
HEAVY-DUTY BLADE MILL. 

A heavy-duty blade mill has been completed recently 
at the Fraser & Chalmers Engineering Works, and is 
now in service in West Africa. The machine is of 8 ft. 
inside diameter and 24 ft. long, and is the largest ever 
built at Erith. It is required to scrub and clean 400 tons 
per hour of —5 in. manganese ore. The action of the 
mill is achieved by lifters or fins which are attached to 
32 of the 158 chrome alloy steel 2 in. thick liner plates. 
These lifters tumble the ore through a constantly 
changing volume of water in the lower section of the 
machine. Discharge of ore is effected through an end 
chamber fitted with radial blades and a conical centre 
piece, the final external discharge piece being seen 
in fig. 5. 

The 20 in. wide roller paths are each mounted on 16 
steel bars to allow slight springing under load, which 
assists in reducing impact marks on the rollers and 
paths. Drive is via the spur ring, a double spur reduc- 





tion gear box, scoop-controlled fluid coupling, and a 
500 volt, 1,450 r.p.m. totally-enclosed, fan-cooled 
squirrel cage motor. Self-aligning roller bearings are 
fitted throughout, two being mounted inside each 
supporting roller. 

The complete machine has a dry weight of 80 tons 
and can be run at speeds between 14 and 18 r.p.m. by 
setting the fluid coupling. Dustproof guards with 
“ Perspex ” windows (not shown in fig. 5) are fitted 
over spur ring and roller paths. Lubrication is effected 
by a central pump. 


CRUSHING PLANT. 

Units for a limestone crushing plant and a shale 
crushing plant supplied to G. & T. Earle for the 
Cauldon Cement Works of the Associated Portland 





Fig. 6.—Limestone crushing plant at the Cauldon Cement Works. 


Cement Manufacturers were put into commission 
during the year, the official opening of the plant 
having taken place on September 30, 1957. Fig. 6 
shows the limestone plant units, which were built at 
Erith, consisting of a heavy steel hopper, a 6 ft. wide 
19 ft. long pan feeder, and a 42 in. gyratory crusher. 
The crusher was made at Erith to the order and design 
of the Nordberg Manufacturing Company. 

The pans of the feeder are made of a high-grade 
manganese steel, 14 in. thick. The supporting rails 
are carried on large rubber shock absorbers, suitably 
enclosed in steel containers, to take the shock of 
30 in. pieces of stone dropping from a height of 








some 18 ft. The pan feeder is driven by a 30 h.p. 
motor and the gyratory crusher by a 250 h.p. motor. 

Fig. 8 shows a Foden 9 cu. yd. dumper discharging 
into the hopper. 

The shale plant is designed to handle wet and 
sticky shale at the rate of 150 tons per hour and 
reduce a feed of 12 in. cubes down to 85 per cent 
minus } in. The units supplied consist of a hopper ; 
a 54in. wide x 12 ft. 6 in. long pan feeder ; and a 
5050 Dixie-type hammer mill, which is the largest 
of its type so far made at Erith. It is fitted with a 
moving breaker and back plate, and a feature of the 
design is that roller bearings are included to support 
the rotor shaft and there is an oil injection system 
for the removal of the bearings, flywheels and coup- 
lings, which saves maintenance time. 

The pan feeder is driven by a 12} h.p. variable- 
speed motor and the hammer mill by a 300 h.p. 
motor. The breaker plate and the back plate are 
each driven by a 5 h.p. motor. 


MATERIALS HANDLING PLANT. 

Early last year the Materials Handling Department 
received orders through member firms of the Indian 
Steelworks Construction Co. Ltd. for extensive plant 
and equipment for the Indian Government’s new 
Durgapur Steelworks. The contract placed with the 
G.E.C. comprises the complete ore handling and 
blending plant, with a conveyor system for dealing with 
limestone, dolomite, and miscellaneous materials. 

The plant includes three wagon tipplers, each of 
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Fig. 7.—The ore handling plant at Aviles Steelworks, North Spain. 
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Fig. 8.—A dumper discharging into the hopper of the limestone 
plant. 
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40 toms gross capacity, for discharging the ore and 
limestone to the conveyor system, which totals some 
four miles in length. The ore blending section com- 
prises two stackers and two Robins Messiter reclaim- 
ing machines. 

In addition to this plant, further orders are in hand 
for three stackers and three similar blending machines, 
together with two further wagon tipplers for the coal 
blending section, providing coking coal for the coke 
ovens. 

Reference has been made in previous years to the 
ore handling plant at Aviles Steelworks in North 
Spain. This plant is now in operation, and fig. 7 
shows a general view of the ore handling and blending 
plant supplied by the Erith Works. 

The first of the new type Robins Messiter reclaim- 
ing machines, recently developed at Erith, has now 
been erected at the Ilva Steelworks, Piombino, Italy, 
and has recently been put into operation. 


WINDING ENGINES. 
Among the winding engines installed overseas 
during the past twelve months are two interesting 


drum has cast-iron cheeks and the drum shell is of 
welded construction. This is the third time this 
type of shell construction has been used on a Fraser & 
Chalmers winder, a previous example being at Bold 
Colliery in the North Western Division of the National 
Coal Board. In this construction the shell stiffeners are 
completely welded to the shellplate and the whole is 
normalised before final machining. 

The other winder—at Mount Isa Mines—is the 
largest electric winder ever to be installed at an 
Australian mine. It is a 16 ft. diameter x 6 ft. double- 
drum, double-clutched winder driven through single 
reduction gearing by two 2,240 h.p. d.c. motors. The 
winder is designed to deliver 180,000 tons of ore from 
mine to mill each 28-day period, this being an increase 
of almost 80,000 tons over the present shaft capacity. 

Situated at No. 2 Ore Shaft, the new winder is being 
installed to replace the present skip winder, which 
would be inadequate for hoisting the future increased 
output of the mine. This is also a G.E.C. machine, and 
was first commissioned at the Urquhart Shaft and later 
transferred to No. 2 Shaft for a period of 26 years, 
thereby fulfilling a long and satisfactory life as a main 
link between underground and surface operations. 





Fig. 9.—1,450 h.p. winder with welded drum shell at Cessnock colliery, New South Wales. 


machines in Australia—one at Cessnock Colliery, and 
the other at Mount Isa Mines. 

The Cessnock winder (fig. 9) has a single drum, 
14 ft. in diameter by 10 ft. 6 in. wide, directly driven 
by a 1,450 h.p. d.c. motor, and is designed for a coal 
raising duty of 7,616 lb. from a depth of 1,270 ft. The 


Automatic pushbutton control from twelve levels is 
a feature of the Mount Isa installation. Main control of 
the winder is from a control desk (fig. 11) situated just 
behind the winder but, if desired, the winder driver 
can switch over to automatic operation for the level 
required. The winder is then operated by pushbutton 
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Fig. 10.—Potentiometer control unit for winders. 


by the onsetter at that level. On filling the empty skip, 
the onsetter pushes the button, and the winder acceler- 
ates to full speed, then decelerating and braking on 
approaching the discharge point on the headframe. 
The skip then discharges—all these operations being 
effected without human intervention. At this stage, 
the other skip has been lowered to the loading station, 
where, on filling, the onsetter again pushes the button 
and the cycle is repeated. The winder incorporates 
comprehensive safety and emergency features. 

A 4-rope Koepe winder, one of the largest of its 
type, was installed during 1957 at the 
Driefontein Gold Mine near Johannes- 
burg. With the exception of the gears, 
the mechanical parts were made by the 
East Rand Engineering Co. Ltd., from 
drawings and design data supplied by 
Fraser & Chalmers. It is capable of 
raising a skip load of 14 short tons 
from a depth of 5,460 ft. All the 
electrical equipment was made at 
Witton ; it included two 2,050 h.p. 
d.c. motors, and a 3,800 l.p. Ward 
Leonard set operating in conjunction 
with control exciters. Notable features 
of the control gear are provision for 
pushbutton control by the onsetter at 
the bank, in addition to normal hand 
control by the winding driver, and 
also the use of geared potentiometers 
and induction regulators. 

Automatic speed control using a 
potentiometer regulator (fig. 10) to 
provide the speed pattern reference was 
introduced by the Company because 
it had many advantages compared with 





schemes. It provides fine speed control at low 
speeds, and enables the power lever to be 
operated with less effort (fig. 10 and 11). 

In South Africa two double-drum winders 
were supplied to the Messina (TVL) Develop- 
ment Co. Ltd. These winders are both double- 
clutched, with drums 12 ft. diameter = 5 ft. 
wide. The first winder for the Rhodesian 
Copper Ventures is initially designed for raising 
13,000 lb. of ore from a depth of 800 ft. under 
manual control, with provision for raising the 
same load from a depth of 3,500 ft. under auto- 
matic operation at a later date. 

The second winder for the Campbell Shaft 
of Rhodesian Copper Ventures is also a geared 
winder, but is designed for manual control. 

Recently completed for the home market 
were two tower-mounted four-rope friction 
winders for the National Coal Board, North 
Eastern Division. These winders are the first 
multi-rope friction winders to be manufactured 
by the Company and are to be installed at New 
Monckton Colliery, No. 6 Shaft. Both winders 
are mounted on a common floor in a concrete 
tower and will be capable of raising a coal load of 22,400 
lb. from a depth of 2,850 ft., giving a corresponding 
output of 330 tons of coal per hour. The two winders 
are identical and have a 10 ft. diameter drum. 

Orders received for winding equipments during the 
past twelve months include an important contract for 
South Africa, together with orders for nine winders for 
the National Coal Board. The export contract is for 
the Hartebeestfontein Gold Mining Co. Ltd. and will 
be the third winder for this concern for which Fraser 
& Chalmers has manufactured the mechanical parts 











the cam controller and moving contact ee Sia OM asa hike a 
system used in earlier speed control Fig. 11.—Control desk for the Mount Isa winder. 
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during the past eighteen months. This winder, al- 
though similar to the two previous orders, will be 
designed for automatic operation. 

Among the winders for the National Coal Board is a 
four-rope friction winder for Cotgrove Colliery, No. 2 
Shaft, having a 12 ft. dia. drum driven through a single 
reduction gear unit by an a.c. motor of 1,800 h.p. This 
will be the first friction winder of this drum size manu- 
factured by the Company. 

A further multi-rope friction winder has been 
ordered by the National Coal Board, North Eastern 
Division, for Grimethorpe Colliery, No. 2 Shaft, 
reorganisation. In this instance, however, the drum 
will be 10 ft. in diameter and, in fact, the mechanical 
parts will be very similar to those recently manu- 
factured for the New Monckton Colliery. 

Also on order for the National Coal Board are two 
single drum 1,400 h.p., 3,300 volt a.c. winders for 
Llanbradach mines in Glamorganshire. One, a service 
winder, will have compensated dynamic braking ; the 
other, a skip winder, will incorporate a simplified 
version of the Company’s well-known and highly 
successful closed loop speed control system. The 
skip winder will raise 250 tons of coal per hour from a 
depth of 1,650 ft. 

From the West Midlands Division of the National 
Coal Board, orders for 1,000 h.p. and 2,000 h.p. a.c. 
winders have been received. To be installed in Little- 
ton Colliery, they will both be of the double drum type 
and incorporate the simplified type of compensated 
speed control. Both winders will include 6-6 kV air- 
break stator reversers with pneumatic operation. 

Ordered by the North Eastern Division of the 
National Coal Board, a 1,250 h.p., 3-3 kV single drum 
winder for Denaby in South Yorkshire will be required 
initially to work to a depth of 2,091 ft. and ultimately to 
2,395 ft. A simplified type of compensated dynamic 
braking will be supplied, similar to that of the Llan- 
bradach service winder mentioned earlier. 


MINERAL DRESSING. 


The high-tension, or electrostatic, process is 
assuming increasing importance in the production 
of industrial minerals, and a commercial high-voltage 
separator has now been developed from the designs 
referred to in an earlier article.* Its possible applica- 
tions include such separations as that of titanium- 
bearing minerals from beach sands to satisfy the 
growing demand for pigments based on titanium 
dioxide and titanium metal, and the recovery of small 
diamonds which are difficult or impossible to catch 
on a grease table. Moreover, the expanding programme 
of nuclear energy is creating a demand for certain 
minerals in the production of which high-voltage 
separation plays an important part. 

A full-size model of the separator will be available in 
the Research Laboratories at Wembley for the routine 
testing of clients’ ores. It consists of four self- 
contained high-voltage units mounted in a vertical 
stack, eack. init being connected with its own power 

* G.E.C. Journal, Vol. 23, p. 22, January, 1956. 


pack in a separate control console. The design is such 
that machines with fewer or more units can be built up 
to suit particular separations, and units can be added or 
removed at any time. 

The ore enters each unit over a vibrating feeder. 
Infra-red strip heaters ensure that it is dry before it 
reaches the separating area. The separation of the 
minerals is made on an earthed drum, 9 in. in diameter, 
under the influence of the corona current from an 
electrode assembly at a very high voltage. The 
electrodes are mounted in a pantograph mechanism 
which permits their adjustment relative to the drum 
to be infinitely variable within the operating area. 
The drums have an effective length of 24 in., but 
machines with 48 in. drums can be built if a higher 
capacity is required. 

The units are closed to protect them against dust 
and changes in humidity. The frame and panels 
are constructed of aluminium except at the sides, 
where panels of armoured glass are fitted. Fluores- 
cent tubes light the interior, which is thus completely 
visible from the outside. 

The control console was designed and constructed 
at the Union Works, and consists of four units, 
each containing a single-phase transformer with a 
half-wave rectifier on the output side. These are 
capable of supplying high-tension direct current 
to the electrodes at any required voltage up to 
50 kV. The console also houses the switches, 
control gear, etc., for the low-tension supply 
which is needed for the drum motors, feeders, and 
infra-red heaters, and the necessary protective devices 
for the high-tension current. 

A cast-in-resin power pack has been developed 
which is unaffected by the worst conditions of heat 
and humidity. It is designed to overcome the 
difficulties previously experienced in tropical coun- 
tries with oil-filled transformers and _ valve-type 
rectifiers A very compact type of console has also 
been developed. 

The special feature of the high-voltage separator 
is its unit construction, which gives independent 
control of the operation of each drum. All the 
adjustments can be made and every phase of the 
separation can be observed from the outside with 
complete safety while the machine is running. 


PENNSYLVANIA EQUIPMENT. 


The flow of new orders for Pennsylvania equip- 
ment was maintained during the year. An order 
for the largest Bradford breaker yet made at Erith, 
or by the Company’s associate in the U.S.A., was 
received from The Steel Company of Wales Ltd. 
This was for a 14 ft. dia. 22 ft. long machine. 

During the year, eight Bradford breakers were 
delivered from the Erith Works, and three of these 
were for export. 

The Australian Iron & Steel Co. gave a repeat 
order for two SXTW-18-60 Pennsylvania hammer 
mills, which are also the largest mills of this type to 
be placed on order. 
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STEELWORKS. 

The Company has played a most important part in 
supplying auxiliary drives and control gear for the 
Dorman Long beam mill project at Lackenby Steel- 
works, and this equipment is now being com- 
missioned. Of the 165 mill type motors supplied, 
60 are controlled by Ward Leonard sets. 

At Durgapur, near Calcutta, the consortium of 
British firms known as the Indian Steelworks Con- 
struction Co. Ltd., of which the Company is a member 
is engaged in building a steelworks for the Indian 
government. Very large contracts placed with the 
G.E.C. for this project include electrical equipment for 
a 16-stand Merchant mill which is driven by individual 
d.c. motors from 150 to 800 h.p., amounting in total to 
8,000 h.p. Grid-controlled mercury arc rectifiers work- 
ing from a common bus system supply the power, and 
speed regulation of the machines will be within one 
quarter of one per cent. Besides large numbers of auxi- 
liary motors, wall mounting direct-to-line starters and 
Motor Control Centres are being supplied for all the 
415 volt a.c. motors in the entire steelworks. Specially 
adapted for use in steelworks, the Motor Control 
Centres, of which no fewer than 250 are being sup- 
plied, can be used within the compass of a few standard 
sizes for any type of motor drive whether sequence 
or individually controlled. 

The installation of three electrolytic tinning lines 
at the Velindre works of the Steel Company of Wales 
Ltd. represents a very substantial increase in the 
tin plate manufacturing capacity of this country. All 
the electrical driving equipment for these lines, the 
first of their type to be made in Great Britain, was 
supplied by the G.E.C. Each line comprises three main 
sections : an entry section in which successive strips are 
welded together ; three looping pits ; and finally a pro- 
cessing section in which the strip is tin-plated. The 
looping pits provide a large reserve supply of strip so 
that the processing section may continue to run at re- 
duced speed while the entry section is stopped for weld- 
ing a new coil of strip to the end of the preceding coil. 

Closed loop systems of speed control govern the 
speed of the entry, looping and processing sections 
through electronic amplifiers, with overriding control 
of the looping section by means of biasing signals 
originating from photo-electric cell units in the 
looping pits (see p. 15). Magnetic amplifiers in the 
entry and processing sections control the tension. Two 
of the lines have now been commissioned and are al- 
ready producing more than 2,000 tons of sheared tin 
plate per week. (See illustration on p. 23.) 

Electrical equipment is now being manufactured 
at Witton for the main drive of an electrolytic pickling 
line for the Abbey Works of The Steel Company of 
Wales similar to the one already in successful operation 
at the Trostre Works of the same company, which 
was installed in 1952. An order for 24 steelworks 
type motors, with generators and control gear, for 
the front and rear table drives of the universal mill at 
the Abbey Works, has also been received. 

At the beginning of the year, Richard Thomas and 
Baldwins Ltd. entrusted the Company with the 


complete re-electrification of the 6-stand hot finishing 
mill at the Ebbw Vale Works. One of the largest 
steelworks contracts at present being engineered in 
this country, the order includes five 4,000 h.p. and 
one 3,000 h.p. slow-speed d.c. motors, 16,000 kW 
grid-controlled mercury arc rectifiers, and the whole 
of the control gear, as well as the ventilation and 
lubrication systems. 


RECTIFIERS. 

A new design of liquid-cooled single-anode mercury 
arc rectifier (fig. 12) has been developed for service 
in multiple-unit rolling stock and main line locomotives 
which are being supplied to British Railways for the 





Fig. 12.—Single-anode mercury arc rectifier. 


25 kV single-phase electrification scheme. An out- 
standing feature of this equipment is its very small size. 

Exhaustive tests have been carried out in close 
collaboration with British Railways with a twofold 
purpose in mind: first, to study the behaviour of 
the rectifiers when carrying load under conditions 
inherent in rolling stock ; and secondly, to obtain 
information to enable a rocking platform to be built 
which will reproduce these conditions closely so that 
further tests can be undertaken at the Works. 

For the tests, two double-bogie parcel vans were 
made available. One served to house a 130 kW 
Diesel-alternator set which provided the source of 
power, and in the other the rectifier equipment, 
transformer and loading resistance were mounted. 
The rectifier equipment included four units (one 
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Fig. 13.—350 kW single-anode mercury arc rectifier equipment. 


acting as a spare) assembled in a framework compar- 
able in size with that which would be used for under- 
carriage mounting on multiple-unit rolling stock. The 
transformer permitted two conditions of d.c. loading, 
namely 130 A at 1,000 V or 260 A at 500 V, giving a 
current loading on each rectifier of 43 and 86 A 
respectively. 

Tests included repeated shunting at walking pace 
against fixed buffers, giving rise to particularly 
violent shocks on the rectifiers. This was followed 
by runs at speeds up to 45 m.p.h. which included 
emergency stops and accelerations. The vans formed 
part of a close-coupled passenger coach train, and 
trial runs were ‘made with the test vans at the front 
of the train and repeated with them at the rear. 
Similar tests were made with the vans attached to 
loose-coupled freight trains, when the shocks experi- 
enced were more severe than those likely to occur 
in normal service. Finally, the test vans were coupled 
close to the locomotive of a close-coupled, high-speed 
passengér train, when speeds up to 90 m.p.h. were 
recorded. 

Throughout these tests, the performance of the 
equipment was satisfactory, only minor modifications 
to the mounting of the rectifiers being needed to give 
improved flexibility. 

During the test a Hallade recorder was used by 
officials of British Railways to provide a continuous 
recording of vertical, horizontal and canting move- 
ments as well as speed, acceleration and deceleration. 
From this information a rocking platform has been 
constructed for use at the Works. With this equip- 
ment service conditions are closely simulated and 
rectifiers have now been tested under continuous 
full-load and cyclic loading conditions such as would 
occur in normal traction service. Similar rectifiers 
operating from a single-phase system have also been 
used for supplying power to traction motors on test at 
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the Works, when the opportunity was 
again taken to study their behaviour 
when supplying cyclic loads. 
Investigations are also being made 
on the performance of these rectifiers 
on industrial loads, and a 350 kW, 
440 V, 6-phase equipment (fig. 13), has 
been installed in the Works Power 
House for this purpose. The rectifier 
units are similar to those for the multi- 
ple-unit rolling stock and the very 
small amount of room taken up by the 
complete equipment makes it an 


attractive proposition, particularly 
where available space is severely 
restricted. 


GERMANIUM POWER RECTIFIERS. 

A heavy current germanium power 
rectifier equipment was installed a few 
months ago in one of the Company’s 
lamp factories, where it provides power 
to a battery of electrolytic cells which 
are used for producing hydrogen. The 
rectifier (fig. 14) has replaced a motor-generator set. 

The rectifier has a rated maximum continuous 
output of 2,200 amp at 55 volts (121 kW). It incor- 
porates 48 water-cooled germanium diodes which 
are connected in a three-phase, full-wave bridge 
circuit. 

The equipment operates from a 415-volt three 





Fig. 14.—Heavy current germanium power rectifier. 
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phase supply and the output can be adjusted over a 
limited range up to the maximum by means of a 
continuously variable voltage regulator. External 
controls consist only of “ start” and “ stop ” buttons 
and output “raise” and “lower” buttons. The 
voltage regulator moves automatically to the minimum 
voltage setting when the equipment is switched off. 
It cannot be switched on if the regulator is not at this 
setting or if a diode is disconnected. 

The equipment (voltage regulator, main trans- 
former, cables and rectifier) has the high overall 
efficiency, for an installation of this voltage and power 
rating, of 93 per cent. It is estimated that if the 





equipment is operated at its full output on a 95 per 
cent annual load factor, there will be a saving in 
power costs (in comparison with those for an efficient 
motor-generator set) of about £1,000 per annum. 
In addition, maintenance costs will be lower. 

Each diode is provided with a very efficient water 
cooler which ensures that a high degree of cooling 
of the rectifying junction is obtained at a low water 
flow rate. To minimise losses, certain busbars and 
other items are also water cooled. The total water 
requirement is only 6 litres (1-3 gallons) per minute. 
The equipment is designed to take this water from and 
discharge it back into the factory’s central recirculated 
water supply ; no special heat exchanger is used. 

The equipment has fully automatic protection 
against electrical faults and water failure. In each 
diode circuit, there is a high rupturing capacity fuse, 
with a small indicating fuse connected in parallel to 


Fig. 15.—1,600 kW frequency changer for H.M. Dockyard, Singapore. 


enable a faulty circuit to be found quickly and to 
operate protective gear. Circuit breakers are pro- 
vided in the input circuit to the voltage regulator 
and in the main d.c. output from the rectifier. 


DOCKYARD FREQUENCY CHANGER. 

Illustrated in fig. 15 is a 1,600 kW frequency changer 
recently completed at the Witton Works and ready for 
despatch to H.M. Dockyard, Singapore. Driven by a 
2,300 h.p., 600 r.p.m., synchronous induction motor, 
the direct-coupled alternator has an output of 1,600 kW 
at 0-8 power factor and generates at full output over a 
voltage range of 6,300 to 6,750, 3-phase, 60 cycles. 

The alternator is wound 
with Class ‘B’ insulation, 
and in order to make it pos- 
sible to generate in parallel 
with other 60-cycle frequency 
changers deriving their 
supply from the same 50- 
cycle source, it is necessary 
to make provision for moving 
the stator of the 60-cycle 
alternator in order to ensure 
that the phases are coincident. 

The alternator has 12 poles, 
which represent 20 mechani- 
cal degrees for one complete 
phase, but the stator can in 
fact be rotated through 24 
degrees by means of the large 
handwheel shown in the 
illustration. 


ELECTRONIC EQUIPMENT. 

Ten electronic units have 
been supplied for controlling 
welding equipment built by 
Quasi-Arc Ltd. for The 
Motherwell Bridge and 
Engineering Co. Ltd., which 
is associated with the G.E.C. 
Atomic Energy Division. 
The plant is required for 
fabricating 30 ft. dia. sheet steel cylinders built up 
from sections each 8 ft. long and weighing 40 tons. The 
plant includes two fixed welding heads and ten 
roller beds which carry the individual sections during 
the welding operations. 

Each roller bed consists of a truck equipped with 
motor-driven rollers for supporting and rotating the 
curved sections. A 3 h.p. motor drives the truck 
along its rails and two 1} h.p. motors operate the 
rollers. The electronic unit is arranged to control 
either the traversing or roller motors at will. 

Welding of the longitudinal seams is effected by 
traversing the truck past one of the fixed welding 
heads. After welding the seams of two sections, 
the roller beds are positioned to bring the ends of 
the cylinders together opposite a second welding 
head and the circumferential seam is welded by rotat- 
ing the cylinders on the supporting rollers. Subse- 
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quent sections follow the same sequence of operations 
until finally a number of roller beds operate together 
to handle the total finished length of cylinder. 

Arrangements are made for individual control of 
each roller bed for longitudinal welds, or for simul- 
taneous control of any number of roller beds. Simul- 
taneous control is used when making circumferential 
welds or when traversing sections which have been 
welded together, the relevant electronic units being 
governed from a master reference source. 

Electronic equipment also plays an important part 
in the control of the electrolytic tinning lines at the 
Velindre Works of the Steel Company of Wales Ltd., 
to which reference has been made on page 12. The 
main speed control is effected by an electronic system 
in which the output voltage of a d.c. tachogenerator 
is compared with a reference voltage derived from 
an accurately stabilised source. Any deviation results 
in an appropriate increase or decrease in the output of 
a pair of thyratrons which feed the field of the Ward 
Leonard generator from which the driving motors of 
the line are supplied, so that the speed of the line is 
corrected and a state of balance restored in the control 
circuit. Similar equipment, operating in conjunction 
with photo-electric apparatus, governs the loops of 
strip in the three looping pits at the entry to the line. 

For the motors which assist the strip through the 
processing section of the line, 400-cycle magnetic 
amplifiers, having a high rate of response, provide 
constant current control. Magnetic amplifiers ex- 
cited from a 50-cycle supply are also installed to 
control the fields of the driving motors of the pay-off 
reels in order to preserve constant tension as the 
diameter of the reel decreases. 

The range of transductors used in the control 
equipment for printing press drives has been extended 
by the addition of two new sizes which will control 
outputs up to 5 kW and 7 kW using a reference 
potentiometer rated approximately at only 200 watts. 
Equipments of these larger ratings have been supplied. 


AUTOMATIC VOLTAGE REGULATORS. 

A new range of voltage regulators of the magnetic 
amplifier type has been developed. These regulators 
are based upon simpie yet particularly effective static 
self-excitation circuits, and are designed to provide an 
excitation system with a high performance and mini- 
mum maintenance requirements for high frequency 
and power frequency alternators. 

The Type I regulator is capable of maintaining 
the alternator voltage to within +2} per cent of the 
required value under all conditions of load and for 
wide ranges of speed and ambient temperature. 
Voltage recovery following a sudden change in load 
takes place extremely rapidly. The regulator has been 
supplied for some twelve hundred 5 kVA 50-cycle 
alternators for the Ministry of Supply and for forty 
2-5 kW alternators for mobile beacon sets for air- 
fields. The Type II and Type III regulators are 
used where a greater precision of voltage control is 
required, and where relatively large alternators are to 
be controlled. They are capable of maintaining the 
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alternator voltage to within +1 per cent of the set 
value under the most arduous conditions. About 60 
Type II regulators (fig. 16) are being supplied for 5 kW 
and 10 kW 2,400-cycle alternators for the Admiralty 
and Ministry of Supply. The Type III regulator 
circuit is being used at present for various 400 cycle 
alternators for the Ministry of Supply and is being 
applied to 50/60 cycle alternators up to 550 kW for 
marine use. 

Among other interesting applications of magnetic 
amplifier control are the automatic power factor 
regulators which are being fitted to eight 36,000 h.p. 
synchronous motors which form part of the equipment 
at the National Gas Turbine Establishment. 


HIGH FREQUENCY ALTERNATORS. 

The range of 2,400-cycle alternators successfully 
developed for the Admiralty to satisfy the stringent 
specifications demanded for the ground servicing and 
testing of certain types of airborne equipment has 
been extended, and alternators with outputs from 1} to 





Fig. 16.—Automatic voltage regulator for Admiralty 5 kW and 
10 kW motor-alternator sets. 


15 kVA single phase can now be supplied for direct 
motor-drive at 3,000 r.p.m. from the 50-cycle mains, 
as well as at 3,600 r.p.m. from a 60-cycle supply. The 
alternators are of the heteropolar inductor type, having 
a good voltage waveform, low harmonic impedance, 
and a small transient voltage regulation, this last 
characteristic being achieved without the use of a 
series capacitor. Self-excitation is provided by a 
static exciter which, on one setting, controls the 
voltage to within +-1 per cent over a complete range of 
loads and power factors in ambient temperatures 
ranging from -+-10 deg. to —50 deg. C. Orders have 
been received from the Admiralty for 66 motor- 
alternator sets of this type, a number of which are now 
in service, while prototypes manufactured for the 
Ministry of Supply have been approved. 

Orders have also been received from the Admiralty 
for 400-cycle motor-alternator sets with outputs up to 
75 kVA, 3-phase, and 100 kVA, single-phase, and a 
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prototype 60 kVA, 3-phase alternator is being manu- 
factured for the Ministry of Supply for the servicing of 
aircraft. The Admiralty machines are supplied with 
conventional exciters controlled by magnetic amplifier 
type automatic voltage regulators, but the 60 kVA 
set for the Ministry of Supply is self-exciting through 
a static exciter and is designed to comply with a 
very stringent specification in regard to waveform on 
non-linear loads and to voltage control. 

Also for operating at 400 cycles, a prototype 7 kVA 
alternator has been developed to satisfy a demand for 
lightweight high performance alternator sets for the 
Services. These machines are totally enclosed so that 
they are suitable for use in a contaminated atmosphere. 
This form of construction also contributes to a low 
noise level. In the electrical design, special care has 
been given to providing a low reactance armature wind- 
ing and an adequate damper winding to minimise 
the effect of non-linear single-phase and three-phase 
loads on the waveform and voltage balance of the three 
phases. Excitation is obtained from a static exciter 
with provision for coarse (+2) per cent) or fine 
(+1 per cent) voltage control as may be desired. To 
standardise components, the fine control unit is self- 
contained and plugs in to a standard regulator. A 
range of alternator sets of this type is now being 
developed for both Service and commercial demands. 


PRESS DRIVES FOR DANISH NEWSPAPER. 
Acceptance tests took place in Berne in October of a 
printing press manufactured by Winkler, Fallert A.G. 
for the Copenhagen newspaper “ Berlingske Tidende.” 
Driving equipment and Autopaster-reelstands for the 
press have been supplied by Witton-James Ltd. The 
new press comprises four printing units and one 
double folder capable of producing a newspaper of 


up to 32 pages at speeds up to 60,000 copies an hour. 
Orders have been placed for a second similar instal- 
lation to form an extension of this press and make 
possible the production of newspapers of up to 
48 pages. 

The driving equipment incorporates the latest 
developments in control engineering, utilising mercury 
arc rectifiers and magnetic amplifiers. The Auto- 
paster-reelstands, which effect the changeover at 
running speed from one reel of newsprint to the next, 
are of advanced design incorporating electronic con- 
trol of the automatic reel changing sequence and 
pneumatic control of web tension. 

The printing units and folders are driven by 65 
h.p., d.c. motors, each coupled to the press by a chain 
drive, mounted on an apron cast integrally with the 
concrete substructure carrying the press. The Auto- 
paster-reelstands will be mounted beneath the press 
between the substructure columns, maximum access 
for handling of reels of newsprint and operation of the 
reelstands resulting from this substructure arrange- 
ment. 


PNEUMATIC CONTROL OF WEB TENSION. 


The pneumatic web tension control system applied 
to the Autopaster-reelstands in the new “ Berlingske 
Tidende ” press has been well proved in meeting the 
exacting tension control requirements of rotary 
gravure printing and is now being adopted widely for 
newspaper work, where the demand is growing for 
increased accuracy of control. Being self-regulating, 
it compensates automatically for any changes in 
tension at the reelstand due to pasting or other causes, 
such as variations in newsprint quality, thus pro- 
viding a substantially constant tension in the web as 
it enters the printing unit at all times during the life 
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Fig. 17.—Principle of pneumatic web tension control system for printing presses. 
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of a reel, whether at speed, when speeding-up, slowing 
down or emergency stopping. 

The basic principle can be followed in fig. 17, show- 
ing how a “ floating ” roller over which the web passes 
on its way to the unit is connected through the adjustable 
linkage formed by the stop “ boost” cylinder (the 
purpose of which is explained later) to a tension control 
valve. This valve governs the air pressure in one or 
more belt tension control cylinders, each with a piston 
which applies a pull through a piston rod and pulley 
on a tension belt bearing on the periphery of the reel. 

The “ floating” roller is carried on a pivoted arm 
and is “ loaded ” in a sense opposite to the pull of the 
newsprint by adjustment of the hand tension regulator. 
This is simply an air valve, operated by the printer, 
which applies pressure to one side of the diaphragm air 
motor and so, through the coupling rod, to the pivoted 
arm. Adjustment of the regulator is necessary only 
when it is desired to increase or decrease tension for 
different press combinations, web runs, etc. Com- 
pletely stepless control from minimum to maximum is 
provided. Any variations in web tension disturb the 
balance between the pull of the web on the roller and 
the force applied through the diaphragm air motor, 
causing movement of the arm in one direction or the 
other and adjustment of the tension control valve 
through the linkage. Thus the air pressure to the belt 
tension cylinders is increased or decreased, tightening 
or loosening the pull-on belts until the two forces are 





Fig. 18.—Rectangular lifting magnet. 


in balance again. These adjustments are made con- 
tinuously in infinitely small increments throughout the 
time that the press is on speed. 

A damper linked with the moving arm limits the 
rate and extent of deflection during transient condi- 
tions, and the balancing cylinder associated with the 
tension control valve reduces by a feed-back action the 
effort required to operate the valve, so that the loading 
on the “ floating” roller is confined to that set up by 
adjustment of the hand tension regulator and trans- 
mitted through the diaphragm motor. 





Fig. 19.—Bi-polar lifting magnet assembly with extended poles for 
handling large structural sections. 


The stop “boost” cylinder forms part of the 
connection between the arm and the tension control 
valve and serves to adjust the length of the link auto- 
matically in emergency stop conditions and thus 
accelerate the operation of the tension control valve. 
Normally air pressure is applied at the left of the 
piston through the solenoid-operated air valve, the 
linkage then being at its full length as shown in the 
diagram. If a web break occurs, or the emergency 
stop button at the press is operated, pressure is trans- 
ferred automatically to the other side of the piston, 
driving it to the left and opening the control valve so 
as to increase rapidly the air pressure in the belt 
tension cylinders, while still retaining control from the 
“ floating ” roller. Apart from the transient condition 
at the instant of operating the stop circuit, the web is 
therefore still held at running tension during the 
stopping period, effecting a further reduction in the 
possibility of lost webs occurring. 


AUTOPASTER AND ROBOREEL APPLICATIONS. 


Applications of, Autopaster-reelstands extend beyond 
the printing industry itself, an example being an order 
received by Witton-James Ltd. for two of these equip- 
ments for use in the paper-coating industry. The 
Autopaster-reelstands will incorporate electronic con- 
trol for matching the peripheral speed of the new reel 
with that of the paper passing into the machine, and the 
electronic Roboreel device for initiating automatically 
the rotation of the new roll and the subsequent splicing 
operation at the right moments.* 


LIFTING MAGNETS. 
Throughout the year there has been a good demand 


for circular lifting magnets, over 50 per cent of which 
are for overseas, the principal markets being Canada 


* G.E.C. Journal, Vol. 21, pp. 32 and 40, January, 1954, and Vol. 23, 
p. 47, January, 1956. 
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and India. Rectangular magnets of the type shown in 
fig. 18 are also being produced in quantity for steel- 
works in this country for handling steel plates, bars, 
sections and tubes. 





Fig. 20.—Bi-polar lifting magnet assembly for handling coils of hot 
strip. 


A notable feature has been the increased demand for 
lifting magnets for special duties. For example, the 
problem of lifting rolled steel sections, 
including 60-ft. lengths of broad 
flanged beams measuring 36 in. by 
165 in. and weighing over 14,000 lIb., 
was solved by an arrangement of bi- 
polar magnets with extended poles as 
shown in fig. 19. This construction 
permits the poles to be lowered on to 
the main web of the beam between the 
side flanges so that a safe lift is assured. 
Four units of this type, each weighing 
over 2,000 lb. and with a consumption 
of 2:5 kW, are suspended from a 
spreader beam for handling these long 
structural sections. 

A somewhat similar arrangement of 
bi-polar magnet, but without extended 
poles, is seen in fig. 20. This type of 
equipment is being supplied to Steel 
Peech & Tozer Ltd. for handling coils 
of steel strip, weighing 5,600 Ib. each, 
at 600 deg. C. Similar magnets have 
also been supplied for lifting hot steel 
slabs. 


WITTON LABORATORIES 

SEMI-CONDUCTOR POWER RECTIFIERS. 
The introduction of semi-conductor 

power rectifiers has brought about the 


need for developing new techniques in electrical manu- 
facture and a pilot plant has been established in the 
Witton Laboratories for the manufacture of new high 
power rectifiers of this type designed for either liquid 
or forced air cooling. 

Semi-conductor rectifiers are particularly suitable 
for applications in the low voltage field such as electro- 
chemical plants and battery chargers, but they can be 
used with advantage in many other directions, in- 
cluding industrial plant and traction work, where 
advantage can be taken of their very high efficiency 
and comparatively small size. 

The basic design of the pilot plant (fig. 21 and 22) is 
the result of intensive research and development at the 
Research Laboratories at Wembley. The plant is 
housed in two single-storey buildings. Complete air 
conditioning has been adopted for those sections 
covering the critical stages in the process of manufac- 
ture ; it is only in this way that the finished product 
can be guaranteed to possess the high chemical purity 
necessary for consistent and reliable operation in 
service. 

Much of the plant has been designed and con- 
structed in the laboratories at Witton and the testing 
plant enables stringent tests to be made on production 
units under full load, short circuit or other onerous 
conditions which may be encountered in service. 


VACUUM DRYING AND IMPREGNATION OF INSULATION. 
To expedite the investigation of the many different 


forms of fibrous insulation now available in combina- 
tion with oil or other impregnation, a small pilot 





Fig. 21.—Pilot line for the production of semi-conductor power rectifiers. 
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impregnating plant (fig. 23) has been built which 
represents considerable progress on the purely 
experimental equipment previously used for the 
purpose. 

The plant comprises three main electrically-heated 
containers, namely the impregnating, the storage and 
the degassing vessels. A high degree of vacuum tight- 
ness is maintained, duplex rotary pumps being used 
for evacuation of all joints, which are made with care- 
fully designed lead seals. Both Pirani and McLeod 
vacuum gauges are built into the plant to measure the 
degree of vacuum obtained. 

The impregnating vessel takes articles to be pro- 
cessed, such as small high duty transformers for oil 
filling, models of transformer coils, and sheets of 
fibrous insulation for oil impregnation before electric 
strength testing. The oil storage vessel between the 
impregnating and degassing units holds degassed oil 
under vacuum until required. The degassing chamber, 
also under vacuum, incorporates a very large number 
of small jets through which oil from the storage tank is 
forced under pressure to remove gas and moisture. 
Facilities are also provided for the recirculation of 
oil between the storage and degassing vessels. 


TROPICAL AND CLIMATE TESTING. 


For testing equipment for export to tropical count- 
ries, a large tropical testing room of about 3,600 
cu. ft. has been commissioned. The walls of the room 
are lined with thermally insulated and waterproof 
material, the roof is of perforated metal and the floor is 





Fig. 22.—Test panel for semi-conductor power rectifiers. 





Fig. 23.—Pilot impregnating plant in the Witton Laboratories. 


designed to provide drainage for condensed moisture. 
From a humidifying plant external to the building, 
air at the desired temperature and degree of 
humidity is circulated through the room and 
returned to the humidifier through ducts near 
the floor. The plant is designed to maintain an 
atmosphere in the room of 50 deg. C. and 
nominally 100 per cent humidity. The high 
ambient temperature can also be maintained at 
a normal humidity and the conditions cycled 
between tropical and normal to simulate 
climatic changes between day and night. 

All new designs of small motors, desk and 
ceiling fans for use under tropical conditions are 
subjected fo endurance tests in the room and 
detailed observation is made of the effect of 
these conditions on paints and finishes, insula- 
tion performance, terminal connections and 
lubrication, and behaviour of mechanical 
parts. The chamber will also accommodate 
larger electrical machines and switchgear. 

For the testing of airborne equipment operat- 
ing at high altitudes, special plant has been 
installed in which the machines can be sub- 
jected to temperatures as low as —75 deg. C. 
and as high as 100 deg. C. and to air pressures 
ranging from that atsea level to those at altitudes 
of more than 100,000 ft. The full range of 
performance tests can be carried out while 
machines or components are operating under 
any of these conditions. 








Turbo-Alternator Plant 

















A 60 MW alternator with direct-cooled rotor (left) and a standard 
hydrogen-cooled machine on the Test Bed at Witton. 
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A 60 MW set at the Wilge power station of the Electricity Supply Commission of 
South Africa. 











Four 60 MW sets at Ince power station of the Central Electricity Generating 
Board, which was officially opened during the year. 





Equipment for the Steel Industry 





A 4,000 h.p. (8,000 h.p. peak) d.c: rolling mill motor for a 
7-stand finishing mill. 





The tinning line at the Velindre Works of the Steel Company of Wales, for which 
all the motors and control gear have been supplied. 
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Two 90,000 c.f.m. turbo-blowers for the blast furnaces at the new Ravenscraig 
iron and steel works of Colvilles Ltd. 
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The Year’s Progress 


Nuclear Power 


HUNTERSTON. 

Construction of the nuclear power station described 
last year* was begun at Hunterston, on the Ayrshire 
coast, in August, as soon as possible after final approval 
of the site had been obtained by the South of Scotland 
Electricity Board. 





— 


Fig. |.—Plant for heat transfer experiments. 


Throughout the year experimental and design 
work has continued at Erith, and considerable progress 
has been made with this type of power station. New 
designs are being worked on not only for the next 
enquiry expected from the Central Electricity Author- 
ity, but also to satisfy the keen interest of overseas 
power concerns. 

* G.E.C. Journal, Vol. 24, pp. 3-5, January, 1957. 


NEW LABORATORIES. 

The laboratories of the Atomic Energy Division 
have been considerably enlarged. New offices, in- 
cluding a large drawing office, have thus been provided 
for the Simon-Carves staff working with the division, 
and most of the mechanical engineering test rigs 
are now installed in their own laboratory. 
Among consequent improvements, space now 
available in existing laboratories has enabled 
a new wind tunnel to be completed for testing 
the design of steam-raising tubes, and has 
allowed more room for the metallographic 
work. 

A new laboratory for work with beryllium 
has been constructed and is now being used. 
Beryllium is a possible successor to magnesium 
alloy for the canning of uranium rods in gas- 
cooled reactors. It allows rather higher tem- 
peratures to be employed, and hence greater 
efficiency will be attainable. Owing to its 
highly toxic nature, stringent precautions are 
necessary when fabricating it, and the new 
building is specially designed to meet these 
requirements. 


HIGH-TEMPERATURE GAS-COOLED REACTOR 


In parallel with the development of the 
present type of nuclear power station, work is 
now being carried out on a new project, the 
high-temperature gas-cooled reactor. The 
Company has been awarded a contract by the 
United Kingdom Atomic Energy Authority 
for a large part of the design and construc- 
tion of a zero-energy assembly for this reactor, 
which will be used primarily for the investi- 
gation of the nuclear properties of the design 
without the complications of high heat out- 
put and radiation intensity. The high- 
temperature gas-cooled reactor is a thermal 
breeder type, operating on the uranium-233, 
thorium cycle, that is, fission is primarily due 
to slow neutrons and more atoms of fissile 
uranium-233 are produced than are consumed. 
The basic fuel is thorium. 

As at present envisaged, the fuel elements will 
be of ceramic material containing an intimate mixture 
of fissile and fertile materials, and moderator. Fresh 
uranium-233 will be bred from the thorium and the 
use of semi-homogeneous fuel elements should elimi- 
nate the distortion effects that occur with metallic 
uranium, so that a given charge of fuel should last 
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longer. Much higher temperatures are expected 
to be possible so that better steam conditions, 
and hence greater efficiency, should be attain- 
able. 


EXPERIMENTAL WORK. 


In the laboratories a large number of experi- 
ments has been conducted on all aspects of 
power-station design, not only for those parts 
of the Hunterston Station that were not already 
finalised, but also for future developments. 
This work was reviewed previously*, and 
some complementary details are given below. 


HEAT TRANSFER. 


Much of the equipment is devoted to 
research on heat transfer—within the fuel 
elements, from the fuel elements to the coolant 
gas, and from the gas to the steam. 

The temperature of the coolant at the outlet 
end of the core is important in determining the 
overall efficiency of the power station. Since 
detailed and precise information is not other- 
wise available, experiments have had to be 
carried out. Three independent sets of appara- 
tus have been used, two of which are air rigs 
working at substantially atmospheric pressure, 
while the third is a pressurised rig (fig. 1) which 
can operate either with compressed air or with 
high-pressure carbon dioxide gas. One of the 
air rigs operates under induced draught at 
slightly below atmospheric pressure, while the 
other operates at slightly above atmospheric 
pressure. Both experimental channels are 
horizontal, approximately 10 ft. (3 m) long, and 
are connected to Rolls-Royce ‘ Merlin’ single-stage 
centrifugal superchargers which are driven through 
variable-speed hydraulic couplings. In each case 
the channel is a drawn copper tube, externally lagged 
when in use to reduce heat losses. 

The experimental cans are mounted on a thin- 
walled stainless-steel tube, coated with an electrically- 
insulating material on its outer surface. Heavy 
alternating electric currents flowing in the tube 
heat the cans by thermal conduction through the 
insulation. 

The high-pressure rig is a closed loop, the coolant 
being circulated by a single-stage centrifugal com- 
pressor driven by a steam turbine. The working 
section consists of a horizontal vessel, about 21 ft. 
(6-4 m) long and 18 in. (46 cm) internal diameter, 
lagged externally, and carrying along its axis the 
experimental channel. 

The rigs are run for about an hour to obtain steady 
conditions before readings are taken. With a given 
blower speed and electrical heating power, two 
complete sets of readings are taken at about 15-minute 
intervals and the mean value is used for calculating 
the results. Heat-transfer characteristics and pressure- 
drop values of various types of can with multi-start 

* G.E.C. Journal, Vol. 24, pp. 106-109, April, 1957. 








Fig. 2.—The ‘* hot box ’’ experimental standpipe. 


spirals and many other fin configurations have been 
examined in some detail. 

Different types of tube for the steam-raising units 
are tested by passing steam through them while 
air is blown over the outside. The amount of steam 
condensed in a given time is a measure of the heat- 
transfer characteristics of the tubing. As mentioned 
above, a second wind tunnel is now in operation to 
supplement the one already available. 

Detailed measurements of heat-transfer coefficients 
are also being made on scaled-up models of the tubes, 
using a technique specially developed in the labora- 
tories. Since the amount of heat transferred depends 
on the product of the heat-transfer coefficient and 
the temperature difference, knowledge of these two 
is essential before any calculations can be made on 
the efficiencies of different types of finning. Nor- 
mally it is possible to use only a mean value for the 
coefficient in such calculations. It has been previous 
practice to determine the variations encountered by 
heating the inside of an experimental tube, finding the 
temperature distribution along the fin by means of a 
number of thermocouples, and using relaxation 
methods to give the values of the coefficients at selected 
points. This is rather unsatisfactory since the thermo- 
couples obviously disturb the original conditions. 
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sing the new technique, the heat-transfer coefficient 
can be measured directly at various points on the tube 
or fin surface. Knowing the total amount of heat 
being generated in the centre of the tube, and the 
thermal conductivity of the metal, the temperature 
distribution on the surfaces can be derived, and 





Fig. 3.—Grinding a mock-up of the skirt-to-shell weld for the pressure vessel. 


hence the amount of heat transferred at any point. 
Thus the relative efficiencies of different parts of the 
finning can be ascertained, and steps taken to improve 
the behaviour of the poorer sections. 


TESTS OF CONTROL-ROD MECHANISMS. 

Among the components essential to the operation of 
a reactor are the control rods. These operate in 
channels in the reactor core, and not only control 
the rate at which nuclear reactions occur during 
normal operation, but also serve to shut down the 
reactor quickly should any emergency arise. It is 
therefore essential that their operating mechanisms 
should work efficiently at all times. These operating 
mechanisms are housed in the upper standpipes 
which project above the top concrete shield of the 
reactor. Although relatively remote from the intense 
heat and radioactivity of the reactor core, the contents 
of these upper standpipes have to function continu- 
ously in carbon-dioxide gas under pressure, while 
a certain amount of heat is, in any case, carried right 
up through the standpipes from, the reactor below. 

A full-scale experimental standpipe (fig. 2) is being 
used to investigate this transfer of heat, and to obtain 
data on the effects of the resulting temperature, 
coupled with an unusual gas under pressure, on the 
control-rod mechanisms and other equipment. 

The contents of the standpipe are the same as 
will be in the operational versions. The lower part 


of the pipe, below floor level, is connected to a vessel 
filled with carbon dioxide under pressure and elec- 
trically heated, while many thermocouples are attached 
to different parts of the system. Thus conditions to be 
expected in the reactor installation can be simulated 
and investigated. 

The ‘ hot-box ’, as it is commonly 
called, will also be used for life-test ex- 
periments on the equipment in the 
standpipes, including the piping and 
multi-way valves of the fission-product 
detection system. 


FISSION-PRODUCT DETECTION SYSTEM. 
This equipment, usually known as 
the B.S.D. (burst-slug detection) gear, 
is installed in the reactor in order to 
detect possible bursts in fuel element 
cans that would lead to contamination 
of the gas circuit with radioactive 
fission products. A tube placed at the 
top of every fuel channel enables a 
sample of gas to be taken from each one 
in turn, through the operation of 
special 16-way and 20-way valves. The 
gas sample goes to an electrostatic pre- 
cipitator unit which detects any radio- 
activity present. Values of radioactivity 
are recorded for each channel, and 
automatic warning is given of any seri- 
ous increase. Design of the system is 
complete and extensive tests have been 
carried out on prototype components. 


METALLURGICAL WORK. 

Extensive research is being done on the properties 
of certain metals and alloys under conditions of 
pressure and temperature, and in gas mixtures, 
likely to be encountered during reactor operation. 
Steels for the pressure shell, core support, gas circuit, 
etc., are tested for creep strength, ultimate tensile 
stress, corrosion resistance, and other properties. 
Possible fuel-canning materials have to be tested for 
compatibility with uranium, oxidation or corrosion 
in the carbon-dioxide coolant, physical and mechanical 
properties under reactor conditions, etc. Reactions 
between the coolant and the graphite moderator have 
been studied. 

In conjunction with the Motherwell Bridge and 
Engineering Co., procedures have been worked out 
and tested for welding the 3 in. plate forming the 
main pressure vessel and its supporting skirt (fig. 3). 
Ultrasonic testing of the plates is carried out to search 
for possible flaws. Some of the plates have already 
been pressed ready for assembly. 


BEARING AND SEAL TESTS. 

One of the problems that arise in the operation 
of a nuclear power reactor is the necessity of running 
numerous bearings completely enclosed in pressurised 
carbon dioxide, usually at high temperature, where 
normal lubrication is impossible and where replace- 
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ment is difficult. There are also some shafts, such 
as those driving the gas circulators, which pass through 
the walls of the pressure vessels, and consequently 
require seals to prevent leakage at these points. 

Many different kinds of bearing have been investi- 
gated, and suitable types are being developed further. 
This work, and the development of shaft seals, involves 
a continuing programme of life-test experiments. 

A number of units are used for testing the bearings. 
In each unit, two bearings are mounted on a shaft 
which runs inside a cylinder containing dry carbon 
dioxide, under pressure and electrically heated. The 
housings are fastened to the 
cylinder, so that the friction 
torque arising in the bearing 
tends to drag the cylinder 
round with the shaft. This 
is prevented by an adjust- 
able counterbalance weight 
situated on a projecting arm. 
The position of this weight 
is thus a measure of the 
friction torque. Weights 
attached to the cylinder 
serve to load the bearings. 

Temperatures are con- 
tinuously recorded by means 
of thermocouples and chart 
recorders, while the friction 
torque, bearing wear, and 
shaft wear, are measured at 
frequent intervals. 

Among the types of bear- 
ing that have been investi- 
gated are those employing 
graphite, in a number of 
forms and mixtures, and 
various kinds of plastics 
(e.g. fluorocarbons such as 
P.T.F.E.), either by them- 
selves or blended with other 
materials. The effects of 
different shaft finishes have 
also been examined. 

Two types of shaft seal have been extensively 
investigated and are under active development. 
One type is the ‘ Flexibox ’ seal, consisting essentially 
of a carbon ring rubbing against a lapped steel surface. 
The ring is attached by flexible bellows to the pressure 
vessel, while the steel plate is attached to the shaft. 

The second type is a viscous seal, using oil as 
the sealing medium, that has been developed by the 
G.E.C. and others. This seal consists of a shaft, 
or cylinder, on which are machined two opposed 
sets of helical grooves. The cylinder revolves in a 
plain, close-fitting bush in which are incorporated 
the necessary oil feeds, pressure tappings, etc. Oil is 
injected into the rotating-shaft clearance space, where 
it is pumped along the shaft by the grooves. At the 
point where the two sets of grooves meet, sufficient 
pressure is generated to oppose the full pressure 
differential across the seal. 





THE GAS CIRCULATOR. 

A major objective in the reactor design is to obtain an 
adequate flow of coolant with the least possible expen- 
diture of power by the circulator that drives it round 
the circuit. A one-third-scale model of a gas circulator 
and casing (fig. 4) has accordingly been constructed 
for test purposes. The circulator is of the centrifugal 
type, using a radial-flow impeller with backward- 
curving vanes. This type has proved satisfactory in 
many existing applications and exhibits desirable 
features for use in nuclear power stations. Tests have 
been made to ensure that every advantage is taken of 


ae 


Fig. 4.—Gas circulator model. 


these features and to prove the performance of the 
circulator under the special conditions arising. 


NUCLEAR POWER STATION CONTROL. 

A substantial contribution will be made by Tele- 
phone Works, Coventry, to the provision of control 
gear for the nuclear power station now under con- 
struction for the South of Scotland Electricity 
Board at Hunterston in Ayrshire. This work has 
two main sections: firstly, the instrument display 
panels and engineers’ desks; and, secondly, the 
monitoring equipment for burst slug detection. The 
latter is being undertaken jointly with Salford Elec- 
trical Instruments Limited, and Telephone Works 
will assume responsibility for the “ presentation ” 
display of burst-slug detectors. 

Communication and control equipment will also 
be supplied for the giant overhead “ Goliath ” crane 
to be erected on the Hunterston site. 
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TRANSFORMERS. 

During the year, large transformers totalling over 
770 MVA have been completed, over three-quarters of 
this total being for the Central Electricity Authority, 
including four 72 MVA generator-transformers for 
Hams Hall C power station, two 60 MVA and three 
45 MVA transformers for outdoor substations at 
Bridgwater, Alton and Chesterfield. 

Of the overseas orders completed, the 22:5/30 MVA, 
132/72 kV, 60-cycle auto-transformer 
for the Saskatchewan Power Corpora- 
tion, Canada, is of particular interest. 
Grain-oriented steel is used for the 
core and a tap-changing switch on the 
high voltage winding covers a voltage 
range of +5 to —20 per cent in 21 
steps. Cooling fans, which are auto- 
matically controlled by switches in the 
temperature-indicating apparatus, are 
mounted underneath the cooling 
radiators to provide the additional 
cooling required for the higher rating 
of 30 MVA. It will be recalled that 
this method of cooling was used for 
the fifteen 5,000/6,667 kVA trans- 
formers which are in service on the 
Toronto Hydro-electric System, and 
has proved particularly successful.* 

In order to preserve the requisite 
electrical clearances in large, high 
voltage transformers, the tapping leads 
must be rigidly supported ; the method 
of construction adopted for the 
Saskatchewan unit is seen in fig. 1. 
A second transformer of similar design 
but rated at 30/40 MVA is now being 
built for this customer. 

The response of generating plant to 
sudden changes in load often assumes 
great importance so that it becomes 
necessary to establish the overall stability of the genera- 
tor and prime mover as a complete unit. For the new 
test plant at the Erith Works, which has been installed 
for this purpose, two d.c. controlled 3-phase reactors 
have been built (fig. 2). Each is designed to give an 
adjustable inductive load from 1,000 kVA down to 
20 kVA, with a high degree of harmonic compensation. 
These reactors are similar to the 100 MVA units for 


* G.E.C. Journal, Vol. 22, p. 8, January, 1955. 


Fig. |.—22-5'30 MVA transformer for Saskatchewan showing method of supporting 


alternator testing at the Witton Works, which have 
already been fully described.+ 

With the standardisation of the design for voltage 
transformers for service at 132 kV, units of this 
type are now in regular production. Over 11} miles 
of fine gauge wire are used in winding the h.v. coil, 
which is of the “tapered layer” type. In order to 
withstand the very high power frequency and im- 
pulse tests specified, special insulation techniques 


AM 


AAA 
ul 
\ i 

¥ 


yor 
a) 
’, 


iy 


t 2 





Th tt ae 


the tapping leads. 


are used and the completed coil is fitted with an 
electrostatic screen. 

Full use continues to be made of scale models as an 
aid to design, a model of a large high voltage trans- 
former for the C.E.A. being shown in the High 
Voltage Laboratory (fig. 4) where surge voltage distri- 
bution within the windings and external leakage flux 
densities are being studied. Over a thousand capaci- 


+ G.E.C. Journal, Vol. 22, pp. 93-104, April, 1955. 
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tors are connected to the various tapping points in 
order to make the model electrostatically representa- 
tive of the actual transformer and over 200 tappings 
are brought out from the windings on each leg of the 
core. 

It is well known that oil exposed to the atmosphere 
at normal transformer operating temperatures deterior- 
ates due to oxidation, which gives rise to the formation 
of sludge and acids. The most common way of 
retarding the rate of deterioration is to fit a conservator 
so that only a relatively small area of cool oil is exposed 
to the atmosphere. In an alternative method, the trans- 
former is hermetically sealed with a cushion of nitrogen 
above the oil level. Since nitrogen is an inert gas, the 
oil cannot oxidise and maintenance becomes negligible 
but special care is essential in manufacture, notably in 
tank design to ensure freedom from leaks. Trans- 
formers of this type rated at 650 kVA (fig. 3) have been 
supplied to Selection Trust Ltd., for service under- 
ground. In this instance limited headroom made it 
impossible to provide adequate space above the oil to 
allow for expansion and an extension chamber for the 
nitrogen has therefore been fitted on the side of the 
tank. 


AIRFIELD LIGHTING. 

For airfields, the range of boun- 
dary lighting transformers has been 
extended and these units are now 
available for supplying 35/40, 100 
and 200 W lamps. Also for airfield 
lighting, orders are in hand for 
constant current regulators rated at 
4 kVA, 7} kVA and 15 kVA for the 
control of series lighting installations. 
On-load tap-changing gear for bril- 
liancy control is mounted on the side 
of the unit. 


STRAYFIELD TRANSFORMERS. 

New types of auto-connected stray- 
field transformers are in production 
for service with the 8 ft., 125 W hot 
cathode fluorescent tube and the 85 
and 140 W sodium lamps, the latter 
being specially designed to fit in street 
lighting lanterns or poles. 


EXTENDED HIGH-VOLTAGE TESTING 

FACILITIES. 

Considerable improvements have 
been made in the past few years in the 
operating performance of over-voltage 
protective devices such as _ surge 


Fig. 2.—1,000 kVA d.c. controlled saturable 
reactor for the new test plant at Erith Works. 


diverters. These have resulted from extensive research 
into the fundamental characteristics of non-linear 
resistor materials and means of improving the arc 
extinction properties of the associated series gaps. 

More onerous testing conditions are required as a 
result of these developments, and fig. 5 shows a new 
high-voltage laboratory which has been specifically 
designed to undertake operating duty and also high 
energy current tests on the latest high-voltage surge 
diverters. 

For the operating duty tests, the impulse current 
equipment is situated close to the Witton High Power 
Testing Laboratory,* which provides the low imped- 
ance source of power frequency. It is now possible to 
test surge diverter spark gaps interrupting power 
frequency follow currents measured in hundreds of 
amperes with negligible applied voltage regulation. 

For the operating duty tests on the “ station type ” 
surge diverters, 8/20 micro-second current waves of 
10,000 amp peak are applied to the diverter, while it is 
connected across a supply having a power-frequency 
voltage equal to the rating of the surge diverter. 


* G.E.C. Journal, Vol. 22, pp. 79-87, April, 1955. 
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Very high-speed oscillographic equipment 
which records the various arcing phenomena 
permits accurate assessment of the overall 
performance of the diverter under test condi- 
tions more onerous than it is likely to be called 
upon to withstand in service. 

A large bank of specially designed heavy 
current capacitors, rated up to 100 kV and 20 
microfarads, permits more detailed study of 
the performance of the newer non-linear 
resistor materials when carrying long-tailed 
currents, having durations up to 2,000 micro- 
seconds. These currents are becoming of 
increasing interest and importance for studying 
the effects of switching over-voltages on 
protective devices. 

New surge diverter specifications list a 
range of “standard” current waveshapes 
having wavetails of several thousand micro- 
seconds. All these can be generated by the 
equipment in the new laboratory at current 
amplitudes in excess of any foreseeable require- 
ment. 

In addition to the plant specifically designed 
to provide improved facilities for testing surge 
diverters, the new laboratory also houses a 
500 kV impulse generator, permitting in- 
vestigations to be made on a wide range of 
component parts and complete apparatus rated 
up to 66 kV. 


SWITCHGEAR. 

Work has continued on the consolidation of new 
designs referred to in the Progress Article last year, and 
a number of additional projects has been undertaken. 

A new range of control mechanisms has been intro- 





Fig. 3.—650 kVA hermetically sealed transformer for service underground. 








Fig. 4.—Investigating a model of a transformer in the High Voltage 


Laboratory at Witton. 


duced for both hand and power operation of outdoor 
isolating switches up to 132 kV rating. In order to 
make the mechanisms as simple and robust as possible, 
the drive between mechanism and isolator is effected 
by means of a rotating torque tube instead of by 
the more conventional tension rods. The power- 
operated mechanism incorporates a vane type 
hydraulic actuator, the pressure for which is 
provided by a gear type oil pump driven by a 
small electric motor. The pump, actuator and 
all hydraulic connections are immersed in the 
oil reservoir tank. This system operates with 
the greatest mechanical simplicity since the 
rotary motion of the output shaft is obtained 
directly from the actuator without any inter- 
mediate gearing or mechanical linkage. 

One of the useful features of the range of air- 
break circuit-breakers is the saving in length 
of switchboards made possible by double- 
tiering. Previously it was only possible to 
apply the double-tiering arrangement to 
breakers up to 800 A, but a revision of the 
design of the 2,000 A breaker has enabled its 
height to be reduced. It is now possible to 
accommodate the 800 A frame size breaker on 
top of a 2,000 A frame size within the standard 
cubicle height of 6 ft. 6 in. Due to its weight, 
the 2,000 A breaker is still mounted on its 
own floor-running truck, so that it must always 
be in the lower tier. Fig. 6 illustrates the 
arrangement in a switchboard supplied for the 
Portland Dockyard. 
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Above: A 5,000/6,250 kVA, 66/16 kV 
transformer for Chile. 


Above (right) : Part of a 16-panel, 

33 kV,.750 MVA switchboard at 

the Perth Road, Ilford, substation 
of the London Electricity Board. 


Right: A batch of 14 multi- 

operator welding sets being loaded 

at Witton for despatch to a British 
shipyard. 
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An addition to the G.E.C. range of line- 
trap coils for use in conjunction with tele- 
metering equipment on high-voltage lines is 
a 2,000 A coil developed to fulfil an order 
from the Aluminium Company of Canada 
for the Kitimat-Kemano project. This line- 
trap is the largest in the range, which now 
comprises coils rated at 400, 600, 800, 1,200, 
1,600, and 2,000 A, all with an inductance of 
200 microhenries. 

Several large orders for heavy metalclad 
gear were received during the year, including 
one for a hundred 33 kV, 750 MVA units 
for the East Kent Electrification Extension 
in the Southern Region of British Railways ; 
an ll-unit switchboard rated at 33 kV, 750 
MVA for the East Midlands Electricity Board ; 
a 16-unit board rated at 11kV, 750 MVA for 
the Steel Sales Company of Africa; and a 
9-unit board rated at 11 kV, 750 MVA for 
the City of Bloemfontein in South Africa. 

Notable among the contracts completed 
during the year was a 15-unit switchboard 
rated at 33 kV, 1,000 MVA for the Brisbane 
City Council. 

Further orders — obtained for metalclad Fig. 6.—Air-break switchboard showing 800 A and 1,200 A air circuit 
switchgear with breaking capacities of up to breaker in double tier formation. 

500 MVA at 11 kV and 350 MVA at 6-6 kV. 

These included substantial contracts from the 























Midlands Electricity Board and a 32-unit switchboard for Agra and Pietermaritzburg. Gear of this type 
for the Jersey Electricity Company. Extension orders has also been supplied to the National Coal Board 
were also received and executed, including contracts for use with winder equipments at Lea Hall, Llan- 


bradach and Littleton Collieries. 

A considerable quantity of 6-6 
and 11 kV _ standard distribution 
switchgear complying with British 
Electricity Board specification $2. 
(1955), and including both oil circuit 
breakers and oil switches, was des- 
patched during the year. This in- 
cluded a 25-unit and a 28-unit switch- 
board for the National Coal Board. 

The complete range of industrial 
H.R.C. fuses rated at 600 V and 80 
kA breaking current with current 
ratings up to 600 A has now received 
official C.S.A. approval for sale in 
Canada. The required tests were 
carried out in the Witton High Power 
Testing Laboratory. 


PROTECTIVE GEAR. 

A new version of the type M polar- 
ised moving iron relay has been 
designed to meet the need for a 





= 2-way differential control relay. The 

% ‘ levels at which the relay operates 
. a either side of the balanced condition 
a sa p= are independently adjustable. Fig. 7 
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= be used on equipment being supplied 
Fig. 5.—High-voltage testing equipment for surge diverters. for aeronautical research. 
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The relay of the type HNP negative phase sequence 
protection scheme for alternators* has recently been 





Fig. 7.—Polarised differential relay type MDC, with cover removed. 


modified to include a low-set instantaneous 
element which is arranged to initiate an alarm 
and so give the control engineer early warning 
of an unbalanced loading condition. During 
the period under review, some twenty units 
of this equipment have been put in hand for 
the Central Electricity Authority, and one of 
these is shown in fig. 8. 

A relay maintenance kit has recently been 
introduced and comprises inspection mirror, 
contact blade adjustors, contact cleaner, bur- 
nisher and lubrication pen, complete in a 
leatherette holdall. A range of tension gauges 
is also available. 


CABLES. 

Catenary-supported cables in diameters up 
to 1 in. form a convenient means of medium- 
power distribution and of providing com- 
munication circuits between buildings on many 
types of site, particularly where the occupation is 
temporary, such as contractors’ premises for large 
construction projects. The same system may also 
be used in large workshops where the cabies can be 


* G.E.C. Journal, Vol. 23, pp. 18-19, January, 1956. 


run between the roof trusses. Existing cable spinners 
tend to be too large for convenience in work of this 
kind, and Pirelli-General Cable Works Ltd. has 
therefore introduced a new | in. cable spinner speci- 
fically for these applications, where portability and 
easy manipulation are of major importance. 

The spinner consists of a rotating drum on which 
is mounted the spool of wire for lashing the cable to 
the catenary. Two feet on the drum act as a counter- 
balance to the spool when it rotates and also form 
a support for the spinner when on the ground. To 
prepare the spinner for use, the catenary and cable 
are threaded through the drum and the spool of 
lashing wire is placed in position. The wire is then 
passed round a friction wheel attached to the drum 
and bearing against the end plate of the spinner, and 
is clamped to the catenary between fixed and adjustable 
rollers. 

When the catenary is in position between the sup- 
ports of the span, the spinner is pulled along it by hand 
by means of a towing rope attached to the front of the 





Fig. 8.—Negative phase sequence relay type HNP. 


machine. As the lashing wire is paid out from the 
spool, it causes the friction wheel to rotate so that it 
travels around the circumference of the end plate and 
turns the drum, carrying the wire round the cable and 
the catenary in 2 spiral as the spinner moves forward 
along the span. 
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SUPERSONIC WIND TUNNEL AT BEDFORD. 

New installations for conducting tests and investi- 
gations in the various branches of engineering require 
increasing versatility in the electrical supervisory sys- 
tems associated with them. Research into problems of 
high-speed flight makes it necessary to control the air- 





of the apparatus racks and the control desk with 
the apparatus within the tunnel, together with 
a large proportion of the cabling for instrument- 
ation, were installed by The Reliance Telephone 
Co. Ltd. 

Each flexible plate is held by 30 pairs of 30-ton 


(By courtesy of the Ministry of Works 


Fig. 1.—Sectional view of the flexible plate nozzle and supersonic diffuser in the wind tunnel. 


flow in wind tunnels at supersonic speeds, but the 
normal method, by changing the compressor speed, is 
effective only below the speed of sound (Mach 1). 
Supersonic flow can be developed and regulated 
by the introduction of a suitably shaped nozzle into 
the airflow at the ‘“‘ working section” where the 
model is under test. 

In the 8 ft. x 8 ft. supersonic wind tunnel opened 
last year at the Royal Aircraft Establishment, Bedford, 
the required nozzle shape is created by flexing 
thick steel plates, 64 ft. long by 8 ft. wide, which 
form the roof and floor of the working section. This 
action is governed by an electrical control system 
designed and built by the G.E.C. to the requirements 
of the Ministry of Works. The interconnections 


mechanical jacks (fig. 1 and 2), which are capable of 
adjustment while the tunnel is sealed and the main 
compressor is running. The accuracy obtained in 
relative positioning between adjacent jacking stations 
is of the order of -++-0-005 in. 

Each pair of jacks is driven by a hydraulic motor 
with its own control valve which is sensitive to a jack 
movement as small as 0-0005 in. Individual signals 
from the electrical control system are fed to all these 
valves and it is possible to control the shape of the 
nozzle to within +0-005 in. for throat dimensions of 
from 8 ft. down to approximately 2 ft. 6 in. 

The individual signals are transmitted through the 
control system in accordance with a predetermined 
programme specified on punched tape. For a selected 
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airspeed, therefore, the flexible walls of the work- 
ing section are controlled to assume automatically 
the requisite nozzle shape. 

The supersonic airstream, once it has passed the 
model under test, has to be slowed to below the speed 
of sound before it completes the circuit to the com- 
pressor. This slowing down is achieved in the 
“supersonic diffuser” which is a second adjustable 
throat of about the same physical size as the working 
section throat and is situated immediately downstream 
from the model. It differs from the working section 
throat in that it does not need to be of streamline 
shape and the accuracy of control is of less importance. 
It consists of movable panels 
operated by three hydraulic 
jacks on either side of the 
tunnel and there are, in 
addition, two adjustable air 
inlet doors which allow some 
of the air from the compres- 
sors to by-pass the working 
section—a condition called 
for at high airspeeds to 
prevent the compressor from 
surging. The movements of 
these panels are also tape 
controlled. 


WORKING SECTION CONTROL. 

An accurate pilot lead- 
screw is fitted at each jacking 
station. The pilot screw nut 
is driven, step by step, by 
an “ impulse receiving unit ” 
from the information per- 
forated on one of the control 
tapes, and thus, at every 
instant, it sets up the required 
position for that jacking 
station. The nut is allowed 
to move by a small amount 
longitudinally in its housing 
to take up the temporary 
differences in extension be- 
tween the main jack screw and the pilot screw, and 
this motion is conveyed by a lever to operate the 
sensitive hydraulic valve. The hydraulic motor then 
adjusts the main jacks until the nut is recentralised. 
This action can take place simultaneously at all jacking 
stations, but jacks near the supersonic throat need to 
move further, and therefore faster, than others and so 
receive impulses more frequently. For these jacks each 
impulse received corresponds to a step of 0-0025 in., 
but for the jacks nearer the downstream end of the 
working section, where the motion is less and the 
desirable accuracy more important, the size of the 
steps is only 0-00125 in.—arranged by different pitches 
on the pilot screws. The accuracy of settling of the 
main jacks with respect to the pilot screws is around 

0-001 in. 

The maximum jack movement in changing from 
Mach 1-0 to Mach 2:8 is 30 inches, that is 15,000 


steps, and the maximum speed is 6-5 steps per second 
so that the total time required to complete the change 
is about 40 minutes. Since, for each step taken, a 
hole is required in the control tape, these are 125 feet 
long. All the tapes are of the same length and are 
stepped through the tape readers in unison, the 
difference in motion of the various jacks being due 
to the number and position of the perforations. 


SAFETY CHECK WITH TRANSDUCERS. 

A continuous check of the radius of curvature of 
the upper and lower steel plates at each jacking 
station, and therefore of the stresses in them, is 





Fig. 2.—Mechanical jacks on the upper wall of the working section. 


provided by means of 60 S.E.I. spherometer trans- 
ducers, applied to the rear surface of the plates, one at 
each jacking station. They operate in conjunction 
with a comprehensive control equipment which not 
only indicates the transducer displacements on a 
display panel, but also includes a routiner unit for a 
complete and continuous check of every transducer 
circuit. Should a circuit be faulty the routiner stops 
and a light indicates how far the check has progressed. 
A telephone dial is provided in the routiner so that each 
transducer may be rapidly selected for individual 
test if required. 


TAPE READERS. 

There are 30 tape readers (fig. 3 and 4), each con- 
trolling one jacking station on the top wall and the 
corresponding station on the lower wall. Of the five 
available rows of perforations in the tape, one is used 
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for the upper station and one for the lower station, 
since their movements may need to be slightly different 
due to general tolerances in the tunnel construction. 
Two further rows are likewise available to provide 
impulses of the reverse sense, because over a certain 
part of the airspeed range a few of the jacks are required 
to retract while the majority are extending. The 
remaining row of perforations is used on only 8 of 
the tapes where it provides for the control of the 
supersonic diffuser throat. 

When the airspeed is to be lowered the tapes are 
fed through the tape reader in the reverse direction, 
so that a tape reader with this facility had to be 
developed—a requirement not normally met with in 
telegraph engineering. 

The necessity of providing a constant check on the 
correct performance of the electrical control system 
has been catered for by the provision of a second set 
of tape readers operating from identically punched 
tapes. These operate monitor units situated on the 
racks in the equipment room. Cam-operated contacts 
on these co-operate with cam-operated contacts on the 
impulse receiving units in the tunnel, giving an immedi- 
ate indication if any of the pairs fail to keep in step, 
and an alarm circuit stops further action of the control 
equipment until the fault has been found and the units 
brought into step again. Circuits are provided for 
quickly finding such a fault, determining its nature, 
and for manually injecting impulses to correct the dis- 
crepancy between impulse receiving unit and monitor. 
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Fig. 4.—Control tapes in a tape reader. 


A further facility is provided which allows for 
small adjustments in the shape of the working section 
to be made by manual control. This equipment is 
housed in the right-hand wing of the main control 
desk, and consists of a set of keys for injecting impulses 
into each station. A set of indicators displays the 
numbers of steps so added or subtracted. 
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Fig. 3.—Equipment racks for automatic adjustment of the supersonic nozzle. 
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Situated in the equipment room is a 
motor-driven cam-contact set, termed 
the “ pulsator ”’. This provides 
impulses to the many circuits at a rate 
of 6-5 per second, but an alternative 
lower speed of half this is available. 
The purpose of this machine is to 
correlate the operation of the control 
system as a whole. 

Except for the induction motors 
driving the impulse receiving units 
and tape apparatus, the system is 
operated from a 50 V d.c. supply, 
provided by a 6-ph. selenium-rectifier 
installation in the basement. 


SUPERSONIC DIFFUSER CONTROL. 

Eight hydraulic motors are used to 
drive the jacks of the supersonic 
diffuser section of the tunnel. The 
operation of each of these motors is 
governed by solenoid-operated valves 
controlled from the relative displace- 
ment of two Magslips, one of which is 
fitted to the jack gearbox and the 
other driven by an impulse motor 
stepped from the tape reader. 

As in the working section control, arrangements are 
provided for checking the operation, by comparison 
between two sets which should act similarly, with 
circuits for fault indication and location. It is also 
possible for the diffuser stations to be adjusted by 
hand from the control desk. Magslip indicators 
display the state of the adjustments made. An emer- 
gency pushbutton enables the two by-pass doors to 
be opened at full speed if compressor surging is 
anticipated. 


LIFTS. 

Automatic group control systems for banks of inter- 
connected passenger-operated lifts have been the 
subject of considerable progress in the past few years. 
An efficient lift system is an essential service in large 
multi-storey office buildings such as are now being 
built in many cities of the world. Experience with 
installations carried out by the Express Lift Co. Ltd. 
in Alexandra House, Hong Kong (fig. 5), shows how 
the latest refinements in automatic control provide a 
satisfactory means of providing service for large 
numbers of people in accordance with a traffic flow 
which has three distinct phases during business hours 
and involves the movement of 35,000 people a day— 
over twelve million in a year. 

Alexandra House was built in two sections with two 
separate lift installations, and it is of interest to note 
how the lessons and experience gained from the first 
installation were incorporated in the second. 

For the first section it was considered that a passen- 
ger/service lift with signal collector control and four 
passenger lifts with a capacity of 15 persons per lift 
and a speed of 500 ft. per minute, controlled by Express 
Traffic Control, would be sufficient. Using this 





Fig. 5.—A section of one of the lift motor rooms at Alexandra House, Hong Kong. 


control system, all lifts automatically answer all 
registered calls from cars and landings, with a super- 
visory system automatically despatching the lifts at 
pre-determined, but variable, timed intervals. The 
variation is carried out simply by the operation of a 
rotary switch which selects the most suitable time 
interval according to the traffic flow. 

This flow is divided into three distinct periods. 
They are : (7) up-peak, when the tenants of the build- 
ing are moving into their offices first thing in the 
morning and again immediately after the luncheon 
interval ; (72) down-peak when the passengers are 
hurrying to have lunch or to catch ferries after work ; 
(11) off-peak periods between periods 7 and it, when 
normal two-way traffic is prevalent. 

This system in stage one of Alexandra House worked 
efficiently and economically, moving a very large 
number of people and, above all, clearing the lift 
lobby on the ground floor of waiting passengers. How- 
ever, two objections were raised. The first was that 
the lift cars were always packed to capacity, a particu- 
larly trying situation in hot weather. The second was 
that tenants of the upper floors had too many stops en 
route. 

To meet these objections a zoning scheme was 
introduced in which one lift served the ground to the 
fourth floor, one lift served from the fifth to the 
seventh floor, and a third lift from the eighth to the 
eleventh floor, the fourth lift taking care of interfloor 
traffic and serving all floors. Although this satisfied 
the objections raised, it created delays and congestion 
on the ground floor, and slowed up the overall move- 
ment of passengers. There are only about 1,300 persons 
in this section of the building, but a recent survey 
showed that over 14,000 passengers a day were being 
moved by these four lifts. 
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Accordingly, when the second stage of Alexandra 
House was being planned, it was decided to install five 
passenger lifts in this section and to divide the building 
into high and low zones ; the line of demarcation being 
from ground to fifth floor for the low zone, and from 
ground to sixth-eleventh floor for the high zone. 
Express Traffic Control is again used, with certain 
modifications catering for the special characteristics of 
lift traffic in this building. For example, should it be 
apparent that high-zone cars are exceptionally busy, a 
low-zone car can be transferred to operate in the high 
zone, or vice versa, and thus help clear the passengers. 
A further arrangement is that any “ up ” calls, whether 
in the high or low zone, will be answered automatically 
by a high-zone car as the ultimate destination might be 
in the high zone which a low-zone car could not reach. 

To ensure a minimum waiting period on the ground 
floor, when two or more lifts are standing empty on the 
ground floor, a “ close door” button can be operated 
in each car. This prevents passengers entering more 
than one car per zone and leaving no car available, 
even though the lifts are not fully loaded. As soon as 
one car is full and starts on its journey the next waiting 
car on the ground floor receives a signal from the 
supervisory system which opens its door and allows 
passengers to enter. 


REMOTE SUPERVISORY CONTROL. 

Remote supervisory control schemes in hand at 
Telephone Works, Coventry, include systems for 
nuclear power stations and for railway electrification, 
details of which are given on pp. 27 and 42. 


PHOTO-ELECTRIC EQUIPMENT. 


Certain applications of photocell equipment, parti- 
cularly burglar alarms, make it desirable for the 
projector and the receiver to be installed further apart 
than is possible when using existing viewing heads, 
although not going to the distances covered by special 
apparatus. These intermediate requirements are 
met by a new long-range viewing head (fig. 6) for 
operation at beam lengths up to 280 ft. (white light) 





Fig. 6.—Long-range photo-electric viewing head. 


or 110 ft. (infra-red light) when used with the long- 
range projector. The head uses the same casting 
as the present long-range projector and incorporates 
a 4 in. diameter lens of optical quality to focus the 
parallel light beam from the projector on to the 
cathode of the photocell. It may be connected to 
the control unit by up to 300 ft. of wiring. The pro- 
jector, viewing head and control unit are all in a 
durable hammer tone grey finish, and the similarity in 
external size and appearance between the projector and 
the head are an additional safeguard against the 
apparatus being put out of action by deliberate 
interference. 

Recent installations of photocell equipment include 
sixteen for the control of escalator speeds at Under- 
ground stations for economical operation in periods 
of light traffic. If the light beam at the approach 
to the escalator remains uninterrupted for a predeter- 
mined period, selected to allow time for any passenger 
who has already passed the beam to complete the 
journey, the driving motors are slowed automatically 
to half speed. Any subsequent interruption of the 
beam restores full speed, which is maintained as long 
as the interruptions continue. 


METERS. 


Recent introductions by Chamberlain & Hookham: 
Ltd. are a new precision meter, Type KTA, for regis- 
tering bulk supplies and impulsing summation equip- 
ment (fig. 7) ; and a new consumer’s meter designed to 
meet the demand from markets such as South America 
for a high-grade instrument complying with American 
practice (fig. 8). 

A new prepayment meter, Type KP (fig. 9), with 
provision for adjustment of tariff, has also been added to 
the range. The mechanism is of the change-plate type, 
which permits rapid setting of the number of units 





Fig. 7.—Bulk supply meter with impulsing facility. 
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prepaid for each coin inserted. The unit can be 
quickly set to accept 6d., ls. or 2s. coins. 


PROCESS CONTROL AND TIMING. 
Applications to process control and process timing 
of the geared synchronous motor units made by 





Fig. 8.—Consumer’s meter for export, 
complying with American practice. 


Chamberlain & Hookham Ltd. cover an increasingly 
wide range of duties. They are available with gearing 
for rates of rotation at the final shaft between 200 
revolutions a minute and one revolution in seven 
days. Large numbers have been supplied for machines 
used in the manufacture of nylon stockings, in which 
high speed spindles must be lubricated without risk 
of surplus oil damaging the stockings. The drive 
from the units is therefore arranged to release a small, 
controlled quantity of oil at regular intervals. Another 
application is in sequence timers for washing machines, 
where the units drive cam-operated contacts through 
which the various stages in the washing procedure 
are controlled. 
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One of these motors also provides the drive for a 
new small process timer operating two pairs of change- 
over contacts to provide maximum convenience in 
application to different duties. Fourteen scales are 
available to cover timing ranges of from 0-10 sec. 
to 0-120 hr. 





Fig. 9.—Prepayment meter with adjustment 
for tariff changes. 


NEW INSTRUMENT DEPARTMENT. 

A new department has been opened at Peel Works 
for the assembly and test of all instruments, including 
those below 34 in. diameter which previously were 
made at Erith. In order to concentrate all this work at 
Salford a complete floor of the building is now devoted 
to the assembly and test processes. The department is 
air-conditioned and pressurised Perspex screens are 
provided on the benches to ensure dust-free conditions. 
Lighting is by fluorescent reflector fittings mounted 
on continuous trunking. Every test bench is provided 
with a.c. and d.c. from power supply units installed at 
one side of the room, and individual controls are fitted 
on the benches. 
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ELECTRIC RAILWAY TRACTION. 

Following the adoption by the British Transport 
Commission of single-phase a.c. at 25 kV for railway 
electrification, a contract has been received for ten 
25/66 kV electric locomotives for service in the 
London Midland Region of British Railways. They 
are of the Bo-Bo type with a continuous rating of 
3,300 h.p. and have been developed in close collabora- 
tion with the North British Locomotive Co. Ltd., 
which is building the mechanical parts. 

The locomotives are designed for mixed traffic 
service of two categories. The first covers the hauling 
of 475-ton passenger trains at 90 m.p.h. on a level 
tangent track and 500-ton express freight trains at 60 
m.p.h. ; the second category covers more general 
duties, including hauling heavy freight trains of 1,250 
tons between Manchester and London at an average 
speed of 42 m.p.h. The locomotives for both cate- 
gories are identical except for the gear ratio of the 
motor drive. As the weight of the locomotive is to be 
limited to 80 tons, the design of the components, both 
electrical and mechanical, has called for careful study 
and a special lightweight construction of the locomo- 
tive body will be adopted. 
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Fig. |.—Shunt field control group for experimental 
regenerative equipments. 





Each locomotive is equipped with four 825 h.p. 
traction motors, mounted in the bogie frames and 
geared to the axles through flexible drives. The d.c. 
supply for the motors is obtained from a group of 
single-anode rectifiers (see p. 12) which are connected 
to the high voltage supply through transformers fitted 
with h.v. tap-changing gear. 

The new multiple-unit electric rolling stock for the 
Euston-Watford and Broad Street-Richmond lines of 
the London Midland Region is now in operation, a 
train of two 3-coach sets being seen on p. 49. For this 
service, fifty-seven 3-coach units, each comprising a 
motor coach, trailer and driving trailer, have been 
equipped with motors and control gear. 

Running trials on two experimental regenerative 
equipments for use on London Transport tube trains 
are taking place. One of the main features of these 
equipments is the shunt field control group (fig. 1)— 
an adaptation of the standard form used in diesel- 
electric equipments. The shunt field resistances are 
connected to the segments of a fixed commutator, 
the brushgear being rotated by a pneumatic engine, 
smooth and easily-controlled movements being ensured 
by hydraulic damping. 
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Fig. 2.—Master controller for main-line 
diesel-electric locomotives. 
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DIESEL-ELECTRIC TRACTION. 

Since the first of the diesel-electric shunting loco- 
motives for the North Eastern Region of British Rail- 
ways was commissioned some two years ago, two 
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Fig. 3.—Control cubicle for main-line diesel-electric locomotives. 


further contracts have been placed, bringing the total 
number of equipments supplied up to 100. Each 
comprises a 350 h.p. Blackstone diesel engine driving 
a generator which supplies two axle-hung double- 
reduction geared traction motors. A full description of 
the equipment has already appeared in this Journal.* 
For.main-line service on British Railways a further 
twenty-eight 1,000 h.p. diesel-electric locomotives have 
been ordered, bringing the total of this rating up to 
thirty-eight. Ten similar locomotives rated at 800 h.p. 
are also being supplied. Brief details of these locomo- 
tives have already been given in previous Progress 
issues of this Journal (January, 1956, and January, 
1957), and it will be recalled that an improved system 
of control is used whereby the available engine power 
is fully utilised over the complete speed range of the 
locomotives. The master controller and a typical 
control equipment cubicle are shown in fig. 2 and 3. 
For service in the London Midland and Western 
Regions of British Railways, contracts have been 
placed for five high-speed diesel-electric train sets for 
the Birmingham, Manchester and Bristol services from 
London. These are being designed and built by the 
Metropolitan-Cammell Carriage & Wagon Co. Ltd., 


* G.E.C. Journal, Vol. 22, pp. 209-218, October, 1955. 





Birmingham, and are planned to provide a high degree 
of passenger comfort. The electrical equipment, 
which will be very similar to that for the 1,000 h.p. 
main-line locomotives referred to above, is being 
supplied by the G.E.C. 

The units will be semi-permanently coupled to form 
6- or 8-coach trains, with a power coach at each end 
housing a 1,000 h.p. N.B.L./M.A.N. 12-cylinder 
engine direct-coupled to the main generator, on which 
is mounted the auxiliary generator. Two traction 
motors, mounted in the bogie frames and fully sprung, 
are carried on each power coach, with two further 
motors on each of the adjacent coaches, making a 
total of eight driving motors. Driver’s cabs are pro- 
vided at the ends of the complete train only and both 
power units are controlled simultaneously from the 
cab in use for the particular direction of travel. 


DEVELOPMENT. 

The adoption of a single-phase supply for railway 
electrification has brought with it certain problems 
affecting the design of control apparatus and machines, 
including 25 kV/6-6 kV changeover switches and 
tapping switches for regulating the voltage of the trans- 
formers which supply the rectifying units. Concen- 
trated work in this field throughout the year has 
resulted in satisfactory designs being developed and 
these are now in production. Tests of a new rectifier 
for locomotives and rolling stock are described on p. 12. 


CABLES. 

Pirelli-General Cable Works Ltd. has been awarded 
a contract by British Railways, Scottish Region, for the 
erection of the overhead contact line equipment for the 
first stage of the Glasgow suburban railway electrifi- 
cation scheme. This electrification is being carried out 
on the single phase, 50 cycles, a.c. system at 25 kV and 
6:25 kV, the lower voltage being used in areas where 
clearances are restricted. 

Lines to be electrified north of the Clyde from Queen 
Street (Low Level) Station run west to Helensburgh 
(via Clydebank Central and via Drumchapel), and 
east to Airdrie, with branches to Bridgeton Central and 
Springburn. South of the Clyde, lines to be electrified 
from Glasgow Central Station include the Cathcart 
Circle, with extensions to Neilston High, Kirkshill and 
Shields. 

The work to be undertaken will comprise the pro- 
vision of foundations, the supply and erection of all 
structures, and the complete installation of catenaries 
and contact wires on about 200 single-track miles. 
Work on site will begin early this year. 

The catenary will be of 19/083 cadmium copper with 
cross-section of 0-101 sq. in. (copper equivalent 0-082 
sq. in.) and the single contact wire will be of solid 
grooved cadmium copper of 0-166 sq. in. cross-section 
(0-14 sq. in. copper equivalent), giving a combined 
copper equivalent cross-section of 0-222 sq. in. 

Steelwork for structures and associated items will 
total about 5,140 tons, comprising 1,950 tons for 
single-track broad flanged beam structures, 1,000 tons 
for welded rod portal structures of special design, 
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1,880 tons for lattice portal structures and 310 tons of 
small part work. 

In connection with this contract, Pirelli-General 
Cable Works Ltd. will be able to take advantage of 
technical collaboration with Brown, Boveri A.G. of 
Mannheim in accordance with the agreement which is 
in existence between the two companies.* 


REMOTE SUPERVISORY CONTROL IN SOUTHERN 

REGION. 

Work on the remote supervisory control system 
being supplied to the Southern Region of British 
Railways, in connection with the change-of-frequency 
scheme on lines in the London area, is nearing com- 
pletion. The original contract has now been ex- 
tended to include a similar control and indication 
system to be installed on the electrification extensions 
to the East Kent Coast (see also pp. 32 and 44). 


‘ 


Fig. 4.—Announcer’s compartment in radio train. 


The development of the electrified system will 
proceed by stages. The first stage has been author- 
ised and includes the provision of 63 substations and 
65 track-paralleling huts. These will be controlled 
from two new centres, one located at Canterbury 
and the other at Paddock Wood, with certain stations 
controlled from an existing centre at Ore. Most of the 
work in the first stage will be in the Canterbury area. 

The supervisory system will use electro-mechanical 
switching techniques with up to four substations 
arranged in tandem. Each tandem group will be 
connected to its control station by two pairs of wires, 
one pair to transmit signals from the control station, 
the other to carry the indications back to control. 


* G.E.C. Journal, Vol. 24, p. 35, January, 1957. 





There, the state of the distant switchgear will be shown 
on a track diagram panel, together with appropriate 
meter readings at the control engineer’s desk. Abnor- 
mal conditions can be signalled instantaneously over 
a third pair of wires. 


NORTH WALES RADIO CRUISE TRAIN. 

Train cruises over picturesque routes have been 
operated by British Railways in the summer months 
for several years. For the 1957 season, the Western 
Region equipped the train used on its North Wales 
rail tour with an installation for broadcasting com- 
mentaries, recorded music or radio programmes in 
all coaches (fig. 4). 

This seven-coach train accommodates 326 passen- 
gers and includes a cafeteria car. Its summer tour, 
made twice weekly from July to early September, 
covers a circuit of over 150 miles starting at Pwllheli, 
skirting the shores of Cardigan 
Bay to Barmouth and then 
running through Dolgelly, 
Bala, and Corwen to Rhyl. 
Returning, the train follows 
the North Wales coast to 
Menai Bridge and _ there 
branches south to rejoin its 
outward route at Afonwen. 
At other times in the year the 
train is available for hire for 
party outings. 

The sound equipment for 
the train was supplied by 
the G.E.C. A special announ- 
cer’s compartment next to 
the guard’s compartment in a 
brake-second coach contains 
a radio receiver, a tape repro- 
ducer and a 30 watt amplifier. 
Tape programmes can be 
monitored locally in the 
announcer’s compartment. 

Medium- or long-wave 
radio programmes are re- 
ceived on a double-wire aerial 
supported by stand-off insu- 
lators on the roof of the coach. 
Only 8 in. headroom is 
available in this position, and the aerial system, 
comprising two wires running diagonally between 
opposite corners of the roof, was designed specially 
to comply with this restriction. The receiver 
is arranged for switched selection of pre-set stations 
on both wavebands. 

The amplifier, which takes its input either from 
the announcer’s microphone, the tape reproducer, 
or the radio receiver, feeds some 24 cabinet loud- 
speakers mounted on the intermediate partitions in 
the coaches, above the centre gangways. During 
the journey, a commentary on the scenery is inter- 
spersed with recorded music or radio programmes. 
Microphone announcements have automatic priority 
over any other broadcast, and if required, the installa- 
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tion in any coach can be adjusted very simply so that 
only announcements are received. 


WAGON IDENTIFICATION. 

A demonstration has been given to representatives 
of British Railways of a system developed for identi- 
fying wagons passing selected points and recording 
this information in a manner which would make it 
possible to locate the whereabouts of any individual 
wagon out of the British Railways fleet of over a million. 
The principle demonstrated requires the attachment to 
each wagon of a simple coded device which would give 
a distinctive response when scanned by a light beam. 
This response would be detected by photocells, in 
which the energy reflected from the device would 
produce a current change corresponding to the code. 
An associated photocell system would open the main 
information channel immediately before the coded 
device was scanned and reclose it immediately after- 
wards, thereby minimising the amount of unwanted 
information reaching the receiver. 

The coded device is associated with the wagon 
axlebox, and the opening and closing of the informa- 
tion channel by the subsidiary photocell device would 
occur on the passage of any axlebox. It is therefore 
necessary for the system to recognise and count pulses 
of the correct type. If the correct coded information is 
received while the channel is open, it is remembered 
and transferred to an intermediate store, but random 
information is not recorded. The transmission of time 
and date may be associated with the passing of the 
identification information to the intermediate store. 

The system described was demonstrated on the 
Downholland branch, near Southport, in the London 
Midland Region of British Railways, when a test 
train consisting of three wagons and a brake van was 
run past the recording apparatus at various speeds 
between | m.p.h. and 30 m.p.h. Satisfactory identifi- 
cation of wagons was obtained in all the test conditions, 
the information being displayed on an illuminated 
indicator. Further studies are now being undertaken 
of the actual railway requirements in general and the 
technical methods of meeting them. 


RAILWAY SIGNALLING. 

Extensions have been made to premises of The 
Siemens and General Electric Railway Signal Co. Ltd. 
to handle the growing requirements for the planning 
and installation of complete railway signalling schemes 
which have arisen from railway modernisation at home 
and overseas. 

The demonstration room at Wembley (fig. 5) has 
been re-equipped and includes the two types of relay 
interlocking control now most generally employed in 
S.G.E. installations. One of these is the S.G.E. 
single-key route setting system, where one key is 
used for the control of each route. Keys controlling 
several routes from one signal are placed vertically 
one below the other and numbered. Otherwise the 
keys are placed in numerical order along the keyboard. 

Signal aspect indications are displayed immediately 
above their respective keys. Emergency control 





keys for the points may be placed in any convenient 
position on the key table. Points indications showing 
‘“N’ or ‘R’ and points ‘ locked’ or ‘ free’ may be 
placed above the points keys, and may be arranged to 
flash during transit as required. Above and behind 
the key panel is the track diagram, complete with 
track circuit indications. 

In addition to the foregoing, another method of 
indicating the points position is available. This points 
indicator may replace those already mentioned, fixed 
above the emergency points keys, and be mounted on 
the track diagram. It gives a continuously-illuminated 





Fig. 5.—Relay interlocking panels and miniature 
track layout in the S.G.E. demonstration room at 
Wembley. 


diagrammatic representation of the way the points 
are lying, and may flash during transit as required ; 
alternatively, these indicators may be normally out 
and alight only, when a route has been set and so 
indicate the direction of that particular route. 

A second system available is the S.G.E. two-key 
system, in which control is effected by the operation 
of a turn key at the beginning of a route or routes 
and a push key at the leaving end. With this system 
all keys and indications are mounted on the track 
diagram. All indications as mentioned under the 
single key system may be used. Push keys at the 
leaving end, when pushed to complete a route set up, 
may be lit and remain so until the train has gone. 
Circuits to prevent the preselection of route-setting 
may be arranged as desired. The two-key system 
will be used in a large installation at Perth, operating 
over 400 routes and centralising the work of thirteen 
signal cabins in a single new cabin, for which a contract 
was received during the year from the Scottish Region 
of British Railways. 





The Year’s Progress 


Study has been directed for some time to the 
problem of immunising signalling apparatus from 
interference by traction currents which has arisen 
from the British Transport Commission’s decision to 
use the high-voltage, industrial-frequency system of 
a.c. traction. The first contract for work of this kind 
on British Railways was awarded to S.G.E., covering 
the Colchester-Clacton-Walton area 
in the Eastern Region, which is being 
electrified as a pilot scheme prepara- 
tory to the East Anglian main-line 
electrification. 

Contracts have also been received 
for modifying track circuits and 
signalling apparatus in readiness for 
the changeover to a.c. traction at 
Liverpool Street and Fenchurch 
Street stations and in their neighbour- 
hood. Modifications to be under- 
taken on the main line out of Liverpool 
Street will extend as far as Bethnal 
Green. The work will include the 
provision of new windings for some 
hundreds of relays to adapt them for 
operation at 834 cycles, and their 
protection by resonant filters to ex- 
clude the 50 c/s traction current. 
Some a.c. searchlight signals will be 
converted to 834 c/s working and 
d.c. searchlight signals protected from 
50 c/s traction currents, while route 
indicators, banner signals and other 
auxiliaries will be equipped with 
protective chokes. The contracts 
cover cabling for the 834 c/s signalling 
supply, including specially-screened cable for an 
independent supply at this frequency to provide 
additional protection against false operation of relays. 
Similar work will be undertaken by the Company 
from Shenfield to Chelmsford and to Southend-on-Sea 
(Victoria). 

Railway electrification in the Southern Region of 
British Railways under the modernisation plan is 
continuing on the 660/750 volt d.c. system. In con- 
nection with the main-line electrification extensions 
to the Kent Coast, S.G.E. is to provide new colour- 
light signalling on 28 miles of double-track main line 
from Farningham Road to Sittingbourne, together 
with the 7}-mile branch line to Sheerness. Three 
interlocking control panels will be provided in new 
signal boxes at Rochester, Rainham and Sitting- 
bourne. The Sheerness branch will be remote-con- 
trolled from Sittingbourne by the new electronic equip- 
ment known as ‘ EDICT ’ (Electronic Digital Indica- 
tion and Control Transmission). The ‘EDICT’ 
system was developed by the Telephone Works, 
Coventry. A relay interlocking control panel com- 
bined with an illuminated track diagram will also be 
provided at Farningham Road to work in conjunction 
with the existing mechanical lever frame. Altogether 
ten signal boxes will be dispensed with on the section 
to be resignalled by S.G.E. 


Overseas, the Rhodesia Railways are now extending 
Centralised Traffic Control to all their main routes. 
This method of working has been in use on the system 
since 1951, when the first installation was supplied 
by S.G.E., and its subsequent widespread extensions 
have shown the importance attached by the adminis- 
tration to C.T.C. as a means of increasing the traffic 
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Fig. 6.—Autoflex signal maintenance with radio-equipped van. 


capacity of single-track main lines. Work is now 
being undertaken on the 89 miles from Gwelo to 
Gatooma. A control machine will be installed at 
Gwelo for controlling the new section and also part 
of the existing signalling on the 43 miles from Gwelo 
back to Shangani. Additional equipment is also 
being supplied for signalling four new loops between 
Shangani and Heany Junction. Power-operated points 
will be installed throughout this new work. 


ROAD SIGNAL EQUIPMENT. 

A new type of Autoflex vehicle-actuated road signal 
controller, developed by S.G.E. in conjunction with 
the Ministry of Transport, is arranged to provide 
several facilities which have been shown by experience 
with existing equipment to be desirable in the interests 
of improved traffic handling and greater safety for all 
road users. Two important changes are the introduc- 
tion of variable minimum green periods and of amber 
periods which are separately timed, of unequal dura- 
tion and relationship, forming a changeover period 
now referred to as the “ Inter-Green period.” 

When a fixed minimum green is used, as hitherto, 
the period chosen to allow several vehicles to clear a 
crossing after waiting at a red signal may be unduly 
long at times of light traffic. However, if the period is 
shortened, vehicles towards the rear of those waiting 
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at the signal may not have the opportunity to move 
forward and secure the continuance of the green 
period by passing over the vehicle detector before the 
signal changes back to red. In the new S.G.E. Type 
15 controller, the electronic timing circuit employed 
successfully for ten years in the Company’s Type 9 
controller has been extended to meet the additional 
requirement of counting, and storing the count, of 
vehicles passing over the detector while the signal is 
at red, and of using this information to provide the 
variable minimum green facility. Typical resultant 
minimum periods are as follows : 

1 vehicle waiting — 8 _ sec. min. running period 

~ » —105 ,, 

» 13 » 

» 145 ,, 

—155 ,, 

More than 5 ia » —16 i 


The normal extensions of right-of-way obtained by 
vehicles running towards a green signal are still pro- 
vided, and are obtained by an improved method of 
speed timing based on measuring the time interval 
between the depression of the first and second tubes of 
the Autoflex detector. 


SEPARATE AMBER PERIODS. 

The separately-timed amber facility has been intro- 
duced as a new contribution to the problem of pre- 
venting accidents caused by drivers moving off in the 
amber-with-red period (instead of waiting for green) 
and colliding with vehicles which have not stopped in 
the coincident amber period on the other road. With 
the new controller the existing 3 sec. amber period is 
retained but the amber-with-red period can be reduced 
to 2 sec., but in no case will amber-with-red be shown 
until the amber on the other road of the crossing has 
been displayed for at least 
two seconds. As with 
existing equipment, the 
amber-with-red period may 
be arranged to follow the 
start of the amber on the 
other road, or may be separa- 
ated from it to give a period 
in which all signals show 
red. 


CONTROLLER DESIGN. 


In the new controller the 
outer case has the same 
overall dimensions as_ the 
earlier model despite the 
additional facilities provided. 
The valve timing unit is 
common to all controllers but 
a separate main relay set 
determines whether the con- 
troller is suitable for two, 
three or four traffic phases. 
These units are demount- 
able for servicing, replace- 


ment or exchange for other types, the circuits to them 
being completed automatically upon mounting. Tele- 
phone relays form the basis of all switching, including 
the signal lamps, and no revolving wheels, cams or 
spindles are employed. In addition to the usual 
pushbuttons for manual operation by a traffic officer, 
an “end all-red” pushbutton enables each all-red 
condition to be retained or terminated as desired. 
The usual facility switch is provided to enable the 
controller to work as fully vehicle-actuated, as a 
fixed time controller, or under manual operation by 
the pushbuttons. 

With the addition of a “ progressive ” or “ linking ” 
unit, the Type 15 controller can form part of an 
Autoflex progressive signalling scheme. 


RADIO CONTROL OF MAINTENANCE VANS. 

Some 500 installations of Autoflex vehicle-actuated 
road traffic signals are serviced from Wembley, 
Middlesex, by S.G.E. To improve these facilities 
further, and ensure the quickest possible response to 
emergency calls, the Autoflex road signal maintenance 
vehicles (fig. 6) operating in this area have been 
equipped with V.H.F. radio for two-way communica- 
tion with the Wembley depot. An operator in a 
control room at Wembley is on duty throughout 
normal working hours and also when work requiring 
radio contact is in progress at other times. 


TROLLEYBUSES. 

The fleet of 30 trolleybuses for Glasgow Corporation 
is now in service. Each is driven by a 125 h.p. motor 
and uses the Company’s patented system of control, the 
outstanding feature of which is the particularly good 
performance of the rheostatic braking. The protection 
against over-torque and virtual independence of motor 


Fig. 7.—Demonstration trolleybus in service in Madrid. 
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temperature enable high-braking efforts to be used 
safely. The braking torque is also well maintained over 
a wide range of speeds. 

An order has now been received from Empressa 
Municipal de Transportes de Madrid for 25 equip- 
ments for converting existing oil-engine buses to 
trolleybus operation. A complete demonstration 
trolleybus (fig. 7) was supplied in 1951 and its satis- 
factory operation since that date has led to the new 
order being placed. The motors will have a | hr 
rating of 130 h.p. at 600 V and provision will be made 
for battery-manceuvring. 


AIRCRAFT EQUIPMENT. 

A feature of the year’s activities has been the number 
of orders received from airlines in the United States 
for the Company’s aircraft catering equipment, 
amounting in recent months to a total value of $28,000. 
They include an order for ten air-circulation ovens by 
Trans-World Airlines, which already has 40 G.E.C. 
ovens in use in its fleet, and another order for ten 
ovens by Flying Tiger Line Inc. An oven installed in 





Fig. 8.—Air-circulation oven in the galley of a T.W.A. ** Jetstream’ 
aircraft. 


one of the latest Trans-World Airlines “ Jetstream ” 
Constellation aircraft is shown in fig. 8 These air- 
craft are now operating on the T.W.A. Polar Route 
between California and Europe. Breakfast, lunch, a 
five-course dinner and beverages are served on the 
19-hour flight, during which the aircraft fly at more 
than 20,000 ft. above the bays and straits of the 
Canadian Arctic, whose names recall the seamen who 
sought for centuries to find a North-West Passage 
between the Atlantic and the Pacific. 


Another United States operator, North East Air- 
lines, has ordered five sets of G.E.C. catering equip- 
ment, to be paid for in sterling, which will be installed 
in its fleet of Bristol Britannia aircraft. This means 
that G.E.C. galley equipment has been specified for all 
Britannias so far ordered—by B.O.A.C., Canadian 
Pacific Airlines, El Al Israel Airlines, North East 
Airlines, and the R.A.F. and R.C.A.F. Transport 
Commands. Other dollar area operators already using 
this aircraft equipment include Trans Canada 
Airlines, Dollar Airlines, Varig Airlines, Capital 
Airlines and Standard Oil Co. of New Jersey. Valuable 
additional dollar business is being gained through the 
sale of galley equipment to the U.S. Air Force in 
Europe. 

In addition, the U.S.S.R. has recently placed orders 
for three complete G.E.C. aircraft sets including galley 
equipment, passenger reading lights, and warning 
signs, although the aircraft they are to be used in have 
not been specified. These are repeat orders following 
an initial order by the U.S.S.R. for this equipment 
placed about a year ago. 

The G.E.C. now holds an undis- 
puted position as the world’s leading 
supplier of airborne catering equip- 
ment, which plays such an important 
role in airline competition. This 
position has been gained in spite of 
intense competition from U.S. manu- 
facturers, working closely with the 
U.S. aircraft industry, which hitherto 
has been the world’s main supplier of 
civil aircraft. Moreover, the two 
leading pre-fabricated galley designers 
and manufacturers in the United 
States are now supplying complete 
galleys fitted with G.E.C. aircraft 
catering equipment. 

Over 50 airlines, flying some 25 
different types of aircraft, now use 
this equipment in their galleys. 
In building up this position, the 
Company has been greatly helped by 
very strong support from the home 
market. ll British civil airliners 
operated by B.O.A.C., B.E.A. and 
the major independent companies are 
fitted with such equipment, and 
many items are also supplied to the 
R.A.F. Transport Command. This 
worldwide demand has led to the 
introduction of two new fan units for 
aircraft ovens to meet the requirements of different 
aircraft electrical systems. A 7 in. fan is supplied for 
112 V d.c., and a 34 in. fan for 400 c/s a.c. systems at 
115 V and 208 V. The a.c. fans have single-phase 
squirrel cage motors of the capacitor-start-and-run 
type. Including the capacitor, the weight of the 3} 
in. a.c. fan is only 4 Ib. 6 oz. 

Heated food containers of the types used extensively 
by B.O.A.C., B.E.A. and other operators are now being 
constructed with a fibre-glass outer casing instead of 
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stainless steel. The use of fibre-glass makes the con- 
tainer proof against damage even under severe impact 
shocks, saves | lb. 3 oz. in weight compared with the 
stainless steel version, and enables the containers to be 
made in any colour, which is permanent since it is 
incorporated in the glass resin while plastic. 

In a new hot-cup unit a sheathed wire element is 
used instead of mica insulation to increase resistance to 
vibration, and the element is protected against over- 
heating by a thermostat in the coil circuit of the 
control relay. 

In order to meet the need for the protection and 
control of an increasing variety of aircraft electrical 
services, Salford Electrical Instruments Ltd. has 
developed a comprehensive range of Klixon aircraft 
circuit breakers. In these the actuating element is the 
Klixon snap-acting disc, ensuring positive contact 
action and ample rupturing capacity. All Klixon 
circuit breakers will withstand shock and vibration far 
in excess of 10 G. 


LIGHTING DEVELOPMENT. 

Complete aircraft interior lighting schemes are now 
being planned, using both fluorescent and tungsten 
light sources. For fluorescent lighting, a method using 
static equipment to provide a 400-cycle supply from 
the normal aircraft 28 V d.c. system has been devel- 
oped (see also p. 60). This new lighting service includes 
expert styling of the aircraft interior as a whole so that 
the most effective combination of decor and illumina- 
tion efficiency is achieved. Two schemes of this type 
have been adopted for new British jetairliner prototypes. 

A breast battery lighting set, developed in con- 
junction with a large petroleum company for use in 
operations with explosion hazards, is finding wide- 
spread application for aircraft refuelling and inspection 
at night. The equipment consists of a miner’s type 
lamp, which is connected by a flexible cable to a 
separate battery container, a webbing body harness, 
and a heavy gauge elastic harness which will fit over 
any normal head gear. 

The lamp is prefocused and is switched on and off 
by rotation of the front cover. It can be worn in any 
position on the webbing body harness or alternatively 
on the elastic head harness. This equipment has been 
certified by the Ministry of Labour and National 
Service as intrinsically safe for use in inflammable 
atmospheres. 


MARINE EQUIPMENT. 
ENGINEERING. 

A contract has been received for the electric power 
equipment of what is believed to be the first floating 


crane to use a common diesel-electric plant both for 
propulsion and for crane operations. This 60-ton, 
twin-screw floating crane is being supplied by Lobnitz 
& Co. Ltd. to the Mersey Docks and Harbour Board. 
Two engine-generator sets will be installed, each con- 
sisting of a Ruston & Hornsby supercharged 12 YL 
engine driving a 330 kW, 440 V, 600 r.p.m. open type 
propulsion generator and a 300 kW, 220 V, open type 
auxiliary generator in tandem. Each main generator 
will supply independently a 400 h.p., 120 r.p.m. 
propulsion motor direct-coupled to one propellor, and 
the control system, operated from the bridge, will 
provide five speed notches in each direction. To 
assist manoeuvring a third screw in an athwartships 
tunnel will be driven through gearing by a 210 h.p. 
motor supplied from either auxiliary generator. 

A Ward-Leonard set, supplied from the auxiliary 
busbars, will provide power for the hoist, auxiliary 
hoist and derricking of the crane. Power for the 
slewing and travelling ballast motors will be taken 
direct from the auxiliary bars. Protection will be 
provided against the diesel engine being overloaded by 
the full crane load being applied during propulsion, 
only slewing and hoisting being available in these 
circumstances. 

Installations for d.c. ships have included new com- 
pact type plural starter boards for two Blue Star Line 
vessels. These boards have been designed to start 
machines from the lowest horsepower to large circulat- 
ing pump motors of 112 h.p. 


GALLEY EQUIPMENT. 


It is interesting to note that the Company has in 
hand orders for galley equipment for more than 30 
vessels. 


LIGHTING. 

Opportunities for the use of fluorescent lighting in 
ships of all sizes are increasing with the growing 
application of a.c. in auxiliary installations. The most 
effective use of this light source in ships requires 
fittings to be designed specifically for the purpose, and 
the Company therefore has in preparation a range of 
hot cathode fittings suitable for all accommodation 
spaces, including alleyways. In this way the advantages 
of fluorescent lighting will be available without incur- 
ring the expense of having fittings “ tailor-made ” for 
individual ships, while users will be assured that the 
standard designs embody all the practical features 
which the Company’s wide experience of ship lighting 
over many years has shown to be desirable. 
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Armature winding in the traction motor works at Dudley Port. 





New rolling stock with G.E.C. 

traction equipment for London 

suburban services in the London 

Midland Region of British 
Railways. 


The new Canadian Pacific liner, 

‘Empress of England’’, in 

which some two miles of 

Osram cold cathode tubing are 
installed. 


Thirty new trolleybuses with 

G.E.C. traction equipment began 

service with the Glasgow Cor- 

poration Transport Department 
during the year. 








Some Lighting Installations of the Year 





Cold cathode lighting in the new 
Canadian Pacific liner ‘* Empress 
of England *’. 















Main gallery in the Department of 
Fine Art at Nottingham University, 
showing special 5 ft. fluorescent 
fittings lighting pictures and general 
illumination from Osram pearl lamps 
mounted above an ‘‘egg crate”’ 
louvre ceiling. 































Above: General lighting from 

specially-designed louvred 

fluorescent fittings at Bourne & 
Hollingsworth Ltd. 


Top left: Central laylights with 
fluorescent tubes provide a_ fine 
modelling effect in the Austin 
Motor Company's Exhibition Hall 
» at Longbridge, Birmingham. 


The floodlighting installation at the 

Old Trafford ground of Manchester 

United is one of the largest in this 
country. 
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Exterior Lighting 


Vertical 5 ft. fluorescent lan- 
terns on the promenade at 
Cape Town. 





Class B lighting with “ Two- 
Forty” fluorescent lanterns in 
Leybourne Park, Kew. 














Above : Promenade lighting at Skegness, 
Lincolnshire. 


Left: Lighting with Osram __ integral 
sodium lamps at Bedwellty in the Rhymney 
Valley, South Wales. 


Left : A crossbar in the approach-lighting 
system for the 06-24 runway at Southend 
Airport, Essex. 
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The Year’s Progress 


Lamps and Lighting 


LAMPS. 

The intensive mechanisation of manufacture of 
all types of incandescent filament lamp continues 
and the techniques of mechanisation are being used 
increasingly with various types of electric discharge 
lamp. 


MERCURY, SODIUM AND FLUORESCENT LAMPS. 
Mechanisation has now been applied successfully 

to the production of the entire range of Osram quartz 

high pressure mercury vapour lamps, including the 


kd 


Fig. |.—Comparison of hand-made (above) and mechanised (below) | kW H.P.M.V. lamps. 


400 volt 1 kW colour-corrected lamp reported last 
year.* This has given both improved performance 
and economy in manufacture. It is believed to be the 
first successful achievement anywhere of the mechan- 
ised production of a high pressure mercury vapour 
lamp of this power. A lamp of this rating, but designed 
to operate directly from normal supplies, has been 
developed and will be marketed shortly. 

Fig. 1 shows examples of the hand-made and 
mechanised 1 kW lamps for comparison. The 
hand-made version has three seals—two main elec- 
trode seals and one auxiliary starting electrode side 
seal. Each of these, in the past, was made separately 
and sealed into a pre-shaped arc tube with a hand 
torch and the assistance of jigs. 

The mechanised lamp consists of a cut length of 


* G.E.C. Journal, Vol. 24, p. 40, January, 1957. 


19 mm. bore quartz tubing which is side-stemmed, 
by machine, for pumping. On the pinch-making 
machine this body is held vertically, with the lower 
end open, over a die block which retains the electrode 
assemblies in position. 

The region of the tube which is to form the pinch 
seal is raised to a temperature of about 1,800 deg. C. 
in some 15 seconds by specially designed oxy-coal 
gas burners, the electrode assemblies being protected 
from oxidation by a flow of nitrogen through the 
body tube. When the quartz is sufficiently softened, the 
burners are rapidly removed 
to allow a pair of opposing 
shaped hammers to close and 
form the pinch seal. The 
auxiliary electrode is included 
in one of the main seals. 


P This method of mechanisa- 


tion, now used with the 400 
watt and | kW ratings, em- 
ploys more highly developed 
techniques and engineering 
methods than were used pre- 
viously with the 80, 125 and 
250 wattlamps. Itisnowbeing 
applied to these smaller ratings 
to extend the benefits of sim- 
pler construction (requiring 
less skill in manufacture), a 
faster rate of production, and 
a greater uniformity in the 
product, to the entire range. 

The search for means 
to improve the luminous 
efficiency of sodium lamps continues, and several 
lines of approach are being followed in an attempt 
to raise the efficiency of these lamps nearer to the 
theoretical maximum. A complete range of Osram 
integral type sodium lamps is now available with the 
addition of the 45, 60, and 85 wattage ratings to the 
140 watt type originally introduced in 1956 (fig. 2). 
The lower ratings of sodium lamps are now being 
used extensively for side street lighting and the new 
products extend to this field the improved life and 
starting characteristics associated with the integral 
type. The increased demand for the lamps has led 
to some mechanisation of production. 

Modifications which have been made to the design 
of electrode in the new neon floodlighting lamps result 
in an improved performance and a reduction in the 
blackening which occurs after 2,000 hours’ operation. 





Lamps and Lighting 


The growing interest in the 8ft. 120 watt fluorescent 
tube has led to a measure of mechanisation of its 
production. The design of cap and holder has been 
changed to permit the insertion of the tube into its 
fitting by one operation. Apart from the ease with 
which the tube can be inserted into its holders, the 
advantage is gained of firm support by the spigot on 
the cap, without additional retaining clips. The 
electrical contacts are recessed into the spigot to 
give increased electrical safety and to protect them 
from mechanical damage. Tubes fitted with the 
bayonet type caps will continue to be marketed for 
replacement purposes. 

In Britain and the United States, attempts are 
being made to increase the wattage loading of fluores- 
cent tubes. The advantage of the more heavily 
loaded tube is, of course, that fewer tubes and fittings 
are required to provide a given level of illumination 
in an installation, and this may out- 
weigh the disadvantages of somewhat 
reduced efficiency and higher tube 
luminance. Two methods of obtaining 
higher output are known and, gener- 
ally speaking, these are to use larger 
diameter tubes or to provide cool 
zones behind the electrodes to prevent 
the development of unduly high 
mercury vapour pressures. Both have 
some drawbacks. In the first method, 
the surface area of the tube is greatly 
increased by using tubing of effectively 
larger diameter. In such a tube of 
normal circular section, however, the 
voltage across the larger diameter 
would be low and the arc current 
correspondingly high. To overcome 
this difficulty, the tube is moulded to 
have a U-shaped cross-section which 
increases the tube voltage and reduces 
the current for a given wattage. Such 
tubes are costly, however, as they 
involve serious glass engineering 
problems. 

In the second method, a tube of 
normal diameter and cross section is used. This 
runs rather hot at high loading and, to keep the 
mercury vapour pressure near to its optimum value, 
the space behind each electrode is extended and 
separated from the main part of the tube by metal 
discs or heat screens. When equilibrium is established, 
the mercury vapour pressure assumes the lower 
value corresponding to these cool ends. The tube 
voltage is kept high by the use of a neon filling 
in place of the more usual argon. This method, how- 
ever, introduces serious problems of life and lumen 
maintenance. Studies continue at the Wembley 
Research Laboratories towards the development 
of a tube which will meet the commercial need 
for higher light output, but which will not suffer 
from either of the disadvantages of the two methods 
described. 


Fig. 
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INCANDESCENT LAMPS. 

There is a continuing trend towards a reduction 
of size in the G.L.S. range and further changes have 
been made during the past year in conformity with 
international practice. Both the 40 watt and 60 watt 
lamps now havea reduced overall length and light centre 
length although the bulb diameter remains unaltered. 

The Company has been conscious of the effects of 
the reduction in bulb size on the design of fittings 
and has continued, throughout the year, to make 
extensive tests in fittings to ensure that no overheating 
is likely to take place. A special method of measuring 
the cap temperature of G.L.S. lamps has been devel- 
oped and has now been accepted as an international 
standard method for making these important measure- 
ments. A uniform method of measuring the tempera- 
ture is essential to ensure that all manufacturers’ 
lamps conform to internationally agreed standards. 





2.—New lower wattage integral sodium lamps. 


The 1,000 W and 1,500 W G.L.S. lamps are being 
made with hard glass bulbs. These are for use 
outdoors or in places where they are liable to be 
splashed by cold water. Lamps of this high wattage 
run very hot and hard glass is used for the bulbs as 
it is more immune to the thermal shock resulting 
from the impact of cold water on hot glass. 

One of the problems in the manufacture of high 
efficiency tungsten filament lamps is that of filling 
the evacuated glass envelope with an inert gas at a 
sufficiently high pressure. The efficiency and per- 
formance of the lamps increase as the pressure is 
raised and, until recently, the upper limit of pressure 
was in the region of atmospheric. Attempts to work 
at pressures higher than this resulted in the pumping 
tubes bursting whilst they were being sealed off 
under heat. 
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A special technique for overcoming this difficulty 
has been introduced. It consists of fitting a thin 
copper tube over the glass exhaust tube at the point 
of seal-off. When the lamp has been filled at high 
pressure, the tube is heated until the glass within it 
softens and the seal is then made by cutting through 
the copper tube with shears. The copper is not 
sealed to the glass and acts solely to prevent the latter 
being blown out during the sealing-off process. 

The application of this technique is at present 
confined to special types of lamp such as those for 
projection applications, and marked improvement in 
performance has resulted from the increase in gas 
pressure thereby made possible. The extension of 
the method to mass-produced types of lamps presents 
problems in technique and cost which are being 
studied. 

External glazing has now been adopted as the 
standard finish for all coloured lamps and the range 
of colours has been increased from 4 to 8. The 
uniformity of appearance of the lamps is improved 
by the change and the disadvantages associated with 
the use of a colouring medium inside the bulb are 
avoided. The clean, polished, exterior finish has 
very good weather-resistant properties. 


GLASS. 


The ability to toughen certain types of glassware 
for street lighting is demanded because many local 
authorities still have to meet heavy breakage losses 
due to stone throwing and catapults. Some types of 
toughened glass already produced will withstand 14 lb. 
hammer blows on a concrete floor. It has, of course, 
been possible to produce toughened glass for some 
time but such glass has not been useful for optical 
or lighting purposes, as the difficulty of toughening 
—from the visual point of view—is that the refractors 
have to be taken nearly to the melting point, at which 
stage the prisms distort. Such distortion produces a 
diffused light which is of little use for lighting pur- 
poses where light must be controlled and directed 
to the ground with as little upward waste as possible. 

Various steps have been taken towards making 
glass less fragile and there has been satisfactory 
progress in obtaining good yields in the manufacture 
of “neutral” glass. Such glass is used for highly 
specialised purposes, mainly medical. 


DISCHARGE LAMP CONTROL GEAR. 


The longer hot cathode tubes, such as the 8 ft. 
125 W tube, require the initial application of a voltage 
appreciably above that of normal single phase supplies, 
to ensure reliable starting in switchless-start circuits. 
In consequence, operation by leakage reactance trans- 
former is convenient. Such transformers, however, 
tend to be large in cross-section when designed in the 
usual manner for high efficiency and low external 
leakage fields. The inconvenience of bulky gear has 
led to the development of a new design of control unit 
which has the desirably slim cross-section of the 
normal 80 watt “ brick” type gear (3} in. x 2 in.) 


and is similar in form. Economies in manufacture 
made possible by the new design have resulted in a 
reduction in price without any sacrifice in performance 
or reliability, although some increase in gear loss has 
been incurred. 

Minor improvements now incorporated in fluores- 
cent tube control gear include a cheaper form of 
switchless starter for twin-tube 80 W equipment. 
Gear is now available for the operation of two 9 in. 
6 W fluorescent tubes in series for bollard lighting, 
and dimming gear for the 4 ft. 40 W tubes has been 
developed. 

Other investigations include an enquiry into the 
economics of high frequency operation by means of 
frequency converters. An examination of thermal 
type protective relays is nearing completion. There has 
also been some investigation both of the performance 
of gear mounted in heated ceiling installations ; and 
of the possibilities of electronic phase shift for dimming 
apparatus. 


INTERIOR LIGHTING EQUIPMENT, 101 RANGE. 


A new comprehensive series of fluorescent lighting 
fittings known as the 101 (One-O-One) range, was 
marketed in the New Year. In producing the new 
range, the design and development of which followed 
a detailed survey of consumer requirements, the under- 
lying aims have been economy, simplicity and stan- 
dardisation. Thus, the maximum variety of combina- 
tions of fittings and operating gear has been provided 
by the minimum number of components. 

The basis of the range is a standard section of 
channel, which itself can be used as a lighting unit or 
can be provided with many different types of reflector 
or diffusing enclosure. One or two tubes may be used 
according to the moulded holder assembly employed. 
For all lamps up to 5 ft. the bi-pin holder is fitted and 
for 8 ft. tubes the new recessed double-contact 
(R.D.C.) holder. 

All the holders are identical in size ; this has aided 
standardisation as well as permitting more attractive 
designs than did the previous B.C. holders. By this 
use of retractable holders it is possible to replace the 
tube in a fitting from a single ladder position ; this is 
particularly valuable when handling 8 ft. tubes. 

Although each unit is quickly and easily assembled, 
the resulting combination is a complete entity, rigid, 
easy to handle and to maintain. Great attention has 
been paid to constructional details. For example the 
detachable louvres available for most of the 4 ft. and 
5 ft. units are rigid structures which will not sag when 
in use or when removed for cleaning. The control 
gear is held by sliding fixings which permit wide 
freedom in positioning the gear whilst retaining good 
thermal contact with the back plate. 

A particularly interesting innovation is the use, for 
the first time in the United Kingdom, of pressed steel 
vitreous enamelled reflectors. These reflectors, which 
are lighter and therefore easier to handle than previous 
vitreous enamelled types, have been made possible by 
new techniques of enamelling. 
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The increasing use of the 8 ft. tube has been catered 
for by a variety of one- and two-tube fittings. A new 
continuous lighting trunking system is also available 
for use with ‘ 101” range reflectors and holders. 


NON-CORRODIBLE AND PLASTIC FITTINGS. 


In some factories, metal lighting fittings can easily 
become corroded by fumes. This damage occurs even 
in some rather unexpected situations—in food facto- 
ries, for example, and especially in fruit canning 
sections, where hot and humid atmospheres contain 
vapours with some element of acidity. In these 
conditions, the normal industrial type of lighting 
fitting has a very short life—those liable to rust are 
not acceptable and painted articles are not satisfactory 
as there is the danger of paint flaking off and dropping 
into the food. Maintenance must be simple and equip- 
ment must have smooth surfaces which are easily 
cleaned and are free from crevices where bacteria can 
breed. For such conditions, two new all-plastic 
fittings have been produced in “ Perspex”, one 
suitable for tungsten lamps, the other for fluorescent 
tubes. The absence of metals in these fittings eliminates 
all corrosion problems, with consequent saving in 
maintenance. The lower surface of the fluorescent 
fittings has corrugations in the plastic in which the 
tubes rest. This ensures that the brightest parts of the 
enclosure are the corrugated seatings and that maxi- 
mum light is given in the downward direction. The 
lamps and wiring are accessible from one end of the 
fitting, and special section gaskets ensure a vapour- 
tight enclosure. 

In the tungsten fittings the main lamp housing is 
made of “ Perspex” and the ceiling plate of rigid 
p.v.c. with suspensions of “ Terylene” cord. The 
sealed-in cover has a clear pin-spot pattern which gives 
the maximum illumination downwards. 

Studies of the use of plastic materials in fittings 
continue. As mentioned above, in relation to food 
factories, units for use in corrosive atmospheres have 
been developed. Generally speaking, there are two 
ways of using plastics in lighting fittings—either as a 
protective covering or as complete, possibly moulded, 
fittings. Experiments have been made in coating 
metal fittings with plastics ranging from nylon to 
p.v.c. It has been found that the addition of a plastic 
to the outer surface often reduces the operating 
temperature of the fitting. 

An experimental fitting has been made wholly of 
plastic material to take a 1,000 W lamp. 


STREET-LIGHTING EQUIPMENT. 

Architects continue to influence the design of street 
lighting equipment.* Several installations have been 
completed during the last twelve months in which 
appearance, particularly by day, has been as important 
in design as luminous efficiency. This does not mean, 
however, that there can be any relaxation in lighting 
standards. 

*G.E.C. Journal, Vol. 24, p. 44, January, 1957. 
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New lanterns of improved appearance include one 
designed specifically for the new 250 W and 400 W 
colour-corrected mercury lamps. It employs a prismatic 
glass bowl and the lantern is normally inclined at 
15 deg. to the horizontal. A tapered bowl has been 
introduced for use with the main road fluorescent 
lantern employing three 5 ft. 80 W fluorescent tubes. 
This gives a much improved appearance. A range of 
lanterns for use with 4 ft. 40 W or 5 ft. 80 W fluorescent 
tubes, using extruded aluminium alloy canopies, has 
been introduced. 

Successful applications of the lanterns referred to 
last year include installations at home and overseas. 
Crawley Development Corporation has adopted a 
design made of “ Perspex”, containing two 2 ft. 
40 W tubes in which two vertical refractors are used to 
give the required light distribution. This type is 
intended for side road lighting (fig. 3). As well as the 
twin lamp version having a cone of internally stippled 
“* Perspex ”’, there is also a four-lamp design with an 
enclosure of opal “‘ Perspex”. Larger units have been 
installed at Cape Town where the Promenade is lit 
by 5 ft. vertical fluorescent lanterns mounted in pairs 
(see page 52). Another new tapered lantern for vertical 
mounting and with the gear in the base, is intended for 
main road use. 

For certain types of lantern, experiments are being 
made to replace metal parts by glass-fibre reinforced 
plastics. Using this novel method of construction, 
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Fig. 3.—Side road lighting fitting containing two 2 ft. 40 W tubes 


at Crawley. 
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small quantities of lanterns, especially those in the 
large sizes, can be produced in shapes otherwise 
uneconomical since by taking advantage of the low 
pressure moulding characteristics of the material, the 
manufacturer can avoid the use of large presses and 
expensive dies. 

There has been a marked growth in the use of 
fluorescent lighting for Group “B” roads and an 
increase in sodium lighting for main roads. 


ERECTION OF STREET-LIGHTING EQUIPMENT. 

It is not generally known that the Company operates 
a mobile unit based at Iver which specialises in the 
erection of lighting equipment for both film making 
and streetlighting and is especially active in the latter 
field. This unit carries out the work of erecting street- 
lighting from start to finish, with the exception of the 
final operation of connecting up the main supply 
cables, which must be done by the Electricity Authori- 
ties. Thus, practically the whole job, from an initial 
survey of the ground and the planning of the layout— 
its power, lamp spacing and the types of lamp—to the 
manufacture of almost all the equipment and its 
erection by the Iver unit, can be done within the 
organisation. When it is recalled that as well as the 
lamps and lanterns, the equipment includes chokes, 
transformers, cables, glassware and poles, the scope of 
the organisation will be appreciated. 

During the 1956 financial year, nearly four thousand 
columns of various types were erected in several 
different parts of the country. In Holborn, for example, 
102 25 ft. steel columns with fluorescent lanterns were 
added to the 300 which had been erected in previous 
years and at Llandudno nearly 400 mercury vapour 
lanterns were erected. 

For those who follow the “ Subtopia ” controversy, 
it may be of interest to note that the improving steel 
supply situation has brought a tendency to return to 
steel poles. There is also a tendency towards slimmer 
poles, whether steel or concrete. In particular, there is 
a slimmer concrete pole for the lighting of Group 
“ B” roads. 


AVIATION LIGHTING. 
AIRPORT GROUND EQUIPMENT. 

Because of the very wide range of electrical equip- 
ment associated with modern aircraft operation, the 
G.E.C. is the only firm in the United Kingdom which 
can carry out the complete electrification of an aero- 
drome. To meet the stringent requirements of service 
and civilian authorities, many problems must be 
solved. These are difficult enough in Britain, where 
there are fairly constant conditions of supply and 
terrain, but are even more so overseas where supply, 
cable lengths, circuits, terrain and safety requirements 
vary widely. 

Some new designs for approach lights, runway 
lights and taxitrack lights have been produced. One 
of these is a new, compact, low intensity approach 
light for clear conditions. This light is constructed 
primarily from aluminium spinnings and is intended 
for use with a 200 or 250 W projector lamp. The 


optical system comprises a pressed glass refractor 
giving an omni-directional light distribution in the 
horizontal plane, concentrated in a zone centred at 
4 deg. above the horizontal. The refractor is pro- 
tected thermally by an outer, heat-resisting clear 
glass cover. This light, weighing approximately 5 lb., 
is less than half the weight of the earlier type it re- 
places. There is also a new prismatic glass refractor 
giving an asymmetric distribution which is suitable 





Fig. 4.—Neon cold cathode obstruction light. 


for threshold lighting or runway lighting. This 
refractor also provides light through 360 deg. in 
azimuth to assist the pilot while orbiting. 

A new neon, cold-cathode, obstruction light has 
been introduced (fig. 4). The aim here has been to 
produce a lamp of long life, a valuable feature where 
lamp replacement is difficult owing to the height or 
inaccessibility of the obstacle which it marks. 


MOBILE BEACON FOR AIRPORT IDENTIFICATION. 

A mobile airfield identification beacon capable of 
giving indefinite repetition of any two-letter Morse 
signal has been developed for the Ministry of Supply. 
This incorporates four hot cathode neon lamps of new 
design and may be operated either from a public 
power supply or from its own built-in petrol engine and 
alternator set. The signal characters are derived from 
a master flasher unit, the operation of which is depen- 
dent upon the discharge time-constants of capacitor 
resistor networks. A special feature of this arrange- 
ment is that signals can be selected in a few seconds by 
the operation of switches. Considerable study of the 
switching equipment and lamps has been undertaken 
to ensure that these components have a useful life 
covering several million operations. 

The beacon gives an omni-directional light distribu- 
tion with a maximum intensity of 2,000 candelas, 
which ensures an adequate range under normal visibi- 
lity conditions. 
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AIRCRAFT CARRIER MIRROR SIGHT LANDING AID LIGHTS. 

Research into safe landing on aircraft carriers was 
reported in last year’s Progress article* and mention 
was made of new datum and source lights designed 
specially for mirror sights. These lights are now avail- 
able commercially. Each utilises a 36 V 300 W pro- 
jector lamp and the range comprises a Datum Light, 
a Wave-Off Light and a Source Light. The Datum 
Light incorporates a special heat-resisting refractor 





Fig. 5.—Wave-off light (front glass removed to show shutter 
dimmer). 


glass designed to give the large horizontal spread 
required for this purpose, together with a virtual 
cut-off along the axis of the angled flight deck. The 
Wave-Off Light (fig. 5) is of special 
interest as this has to be flashed at 
various brilliancies depending on 
visibility conditions. The relatively 
heavy-current lamp employed is not 
suitable for flashing except when 
running at full brilliancy and, to over- 
come this, the Wave-Off Light incor- 
porates a 3-position internal shutter 
mechanism giving brilliancy settings 
of 3, 30 and 100 per cent, thus per- 
mitting the lamp to be operated 
always at full current. In the Source 
Light, a 12 in. diameter, 40 in. focus, 
anodised aluminium reflector is used 
to produce a beam which is designed 
to cover the mirror in its various 
operating positions. 


LIGHTING IN AIRCRAFT CONTROL ROOMS. 
In these rooms, air traffic controllers 
work in the same room as radar 


*G.E.C. Journal, Vol. 24, p. 72, January, 1957. 


operators. The former require normal levels of 
illumination on the control desk; the latter, near- 
darkness. Specially designed fluorescent fittings 
have been developed which provide 35 Im./ft.? on 
the control desk, with a rapid cut-off so that no 
light falls on the radar tube face situated only 18 in. 
beyond the end of the desk. The brightness of 
the fittings has been kept very low to avoid dazzle 
to the radar operators. One of these installations 
has been in service at London Airport for twelve 
months. 


LIGHTING FOR THE B.E.A. FLIGHT SIMULATOR. 

Flight simulators provide on the ground the impres- 
sion of conditions occurring in an aircraft cockpit 
during flight. For the new B.E.A. Viscount ‘“ 700” 
simulator, lighting had to be provided to reproduce 
conditions in cloud at 20,000 ft. Measurements made 
in flight indicated that an average illumination ‘of 
3,000 foot-lamberts at a colour temperature of 6,000 
deg. K was needed. To have provided such a high 
luminance would have required some 10 kW of lighting 
load, but as the air-conditioning plant in the simulator 
building could deal only with the heat from a 2 kW load 
it was necessary to provide the same visual conditions 
at a lower luminance level. Data on “ Apparent 
Brightness ” produced at the Research Laboratories 
indicated that it should be possible to provide substan- 
tially the same brightness contrasts inside the cockpit 
with the eye adapted to a lower level of some 600 
foot-lamberts. Tests were made on a full-size model of 
a cockpit built in the laboratory and by careful design 
of the lighting fittings this value was achieved using a 
total load of only 750 W. The equipment has been 
arranged to operate at three fixed brightness levels and 
also to provide a controlled variable brightness so that 
the level can be increased during simulated climbing 
and similarly reduced during descent. 





Fig. 6.—Compact transistor oscillator for aircraft fluorescent lighting. 
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FLUORESCENT LIGHTING IN Ai CRAFT. 
Until recently, the ouly reasonable method of 
operating fluorescent tubes from low voltage d.c. 
supplies for transport lighting has been to use some 
form of inverter involving moving parts. Now, how- 
ever, the development of transistors capable of dealing 
with a power of the order of 20 watts has made it 
possible to operate these discharge lamps from com- 
pletely static equipment at an efficiency at least equal 
to that of conventional equipment and free from the 
maintenance demands of moving components. 

A transistor oscillator (see also p. 47) has recently 
been designed to operate fluorescent tubes on 24 volt 
d.c. supplies. The unit (fig. 6) is intended initially for 
use in aircraft, where its low weight and high efficiency 





Fig. 7.—A new sign at Piccadilly Circus. 


are particularly advantageous, but other applications 
are under investigation. Rated at 20 watts, it is quite 
compact, with dimensions of only 7 in. x 2} in. x 1} in. 
and a weight of only 1} Ib. 


ELECTRIC SIGNS. 

Claude-General Neon Lights Ltd. has recently 
supplied several thousand illuminated signs to the 
Shell-B.P. Group of Companies, for installation at 
petrol-filling stations and garages throughout the 
country. These signs consist of an outer translucent 
moulded “ Perspex” case, in colours and shapes to 
reproduce the characteristic emblems of the Shell- 
B.P. Companies. The project demanded high brilliance 


coupled with evenness of illumination, without loss of 
the three-dimensional character of the trade marks. 
Previously, various approaches had been made with 
other forms of internal illumination and the undoubted 
success of the present project is an outstanding example 
of the unique suitability of the tailored cold cathode 
grid for this type of illumination. From the commer- 
cial point of view, the fact that these signs are com- 
pletely self-contained, housing all their high tension 
equipment inside, is an added attraction, in as much as 
the signs leave the factory sealed and ready for con- 
nection to the mains at the site. Thereafter, apart from 
normal external cleaning, the signs should require no 
further attention throughout an expected working life 
of some four or five years. 

A well-known sign which has recently been re- 
designed to present a different display is the giant 
“ Coca-Cola ” sign at Piccadilly Circus (fig. 7). The 
new features include a changed design giving more 
spectacular animation. The display is divided into 
24 sectors and the new switching arrangements 
sweep this “ clockface ” of 24 segments in 2 seconds. 
Thus, for each sector, a 5 amp circuit has to be made 
and broken every ; sec. Some subsidiary signs with 
visual slogans have to be brought in as well in this 2- 
second sequence. Control is effected by cam-operated 
“* Master-Flasher ” open-contact switches, bringing in, 
at the correct time and for the correct duration, all 
subsidiary flashers. The complete display is a 17- 
second sequence, during which a total of 270 separate 
circuits is made and broken. The total load is about 
30 kVA. 

Another new feature of this sign is its use of high 
current cold cathode tubes—a new operating technique 
in this country. Investigations carried out in con- 
junction with the Research Laboratories over the last 
two years have shown that it is practicable to obtain 
substantial increases (up to about 3: 1) in the light 
output from sign tubes provided the correct relation- 
ship is maintained between tube current and the size 
of the electrode. With the increasing use of plastic 
screens to conceal the tubes, there is great advantage in 
boosting the light output even with some slight 
sacrifice in life, particularly when using the more 
dense colours. 

Another technique devised to counter the loss of 
brilliance inevitable with semi-opaque screens is the 
“ studded ” sign. In this, studs or lenses of various 
materials are inserted into holes bored in the screens. 
Depending on the material used for the lens, an 
observer will see a sparkle or scintillation. Very 
satisfactory results have already been achieved with the 
more expensive materials tried as inserts but it is 
hoped to get equal results with more economical 
material and, to this end, experiments are proceeding 
with polystyrene. 


TELEVISION STUDIOS. 

A new system of studio lighting is an important 
feature of the new B.B.C. Riverside Television 
Studios at Hammersmith, London.* About half the 


*Osram Bulletin. Vol. 34, pp. 65-69, July, 1957. ’ 
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lights used have been specially designed and supplied 
by this Company. The new lighting system comprises 
a series of 8 ft. 6 in. lighting battens suspended over 
the entire working area. The battens are suspended 
from the studio roof structure in rows 2 ft. apart. To 
keep weight to a minimum and thus avoid costly 
ceiling reinforcement, lightweight construction is 
employed and the total number of luminaires on each 
batten weighs only 56 lb.—a reduction of 28 lb. 
compared with the previous design. 


SOME SPECIAL LIGHTING PROBLEMS 
NEW SEARCHLIGHTS FOR NIAGARA FALLS. 


The contract to supply a new floodlighting system 
for Niagara Falls has been awarded to the Canadian 


unit, however, a luminance of 14 foot lamberts was 
obtained with a concentrated beam; with a soft 
edged beam, 5-5 foot lamberts ; and with a fluted 
glass which spreads the beam over a much wider area, 
1-5 foot lamberts. The new projectors will be supplied 
under sub-contract by Savage & Parsons Limited of 
Watford. - 

To a visitor viewing the Falls in daytime the 
panorama is impressive and by comparison with 
familiar objects, such as trees on Goat Island, the true 
magnitude of the Falls is put into proper perspective. 
With the present lighting only the two vertical sheets 
of water are lit so that the view becomes that of two 
disconnected waterfalls. The new lighting scheme 
utilises the various beam patterns to reveal most of the 
panorama including the face of Goat Island connecting 





Fig. 8.—Prototype projector and colour-change unit at Niegara Falls. 


associate company of the G.E.C., the Amalgamated 
Electric Corporation Ltd. The new equipment 
comprises 20 specially designed, weatherproofed, high- 
intensity carbon-arc projectors incorporating remotely 
controlled, automatic colour-changing devices and wide 
beam arrangements to provide a large range of dramatic 
lighting effects. Each projector (fig. 8) gives a beam 
intensity of 210 million candelas and operates on 
150 amperes at 75 volts. Although they will consume 
only the same amount of power as the 24 floodlights 
they replace, the illumination provided by the new 
units will average some seven times greater. In tests 
conducted at the Falls, to obtain comparisons between 
old and new equipment, it was shown that the lumin- 
ance now given is 0-3 foot lam:berts. Using the new 


the two Falls, the spray plume over the Horseshoe 
Falls and the Rapids for over a mile up river. 

Automatic colour changes will be provided by a 
series of five 37-in. square “ Cinemoid” colour 
filters held in metal frames and carried in a housing 
attached to the front of each projector. Basically 5 
colours will be used, magenta, pink, amber, blue and 
green ; these have been selected so that when used 
singly and in combination, a total of 15 colour varia- 
tions is available. Each of the colour screens will be 
operated by individual motors, and the colour for each 
projector will be selected and brought into its operating 
position from a remote pushbutton-controlled switch- 
board. They will be cooled by a blower mounted in 
the base of the colour changer. 
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The flexibility of the new equipment, with its many 
beam shapes and remote control colour changing, 
allows the lighting pattern to be altered to produce new 
concepts of light, shade and colour as often as necessary, 
to provide new displays to attract visitors. 


FOOTBALL GROUNDS.* 

Maintaining the Company’s lead in football ground 
lighting, established by such noteworthy schemes as 
that at Wembley Stadium, the largest football stadium 
floodlighting installations in the country have recently 
been completed for the Chelsea and Manchester 
United Clubs. At Chelsea 228 floodlights have been 
mounted on six 170 ft. tubular steel towers. The 
corner towers each carry 30 symmetrical angle flood- 
lights and the two centre towers 54 each, 6 of which 
are asymmetrical. These last provide a high vertical 
illumination along the opposite touchline without 
glare to the spectators on that side. The lamps are 
over-run by about 10 per cent to provide an increase 
in light output of between 40 and 45 per cent. Thus, 
with the installed load of 348 kW, rising to 400 kW 
on overload, lighting equivalent to a 500 kW instal- 
lation is obtained. The estimated average horizontal 
illumination at pitch-level is 20/22 Im./sq. ft. 

The Manchester installation comprises four 180 ft. 
steel towers situated one at each corner ; 216 floodlights 
are used and the installed load is 324 kW. 


MOBILE OPERATING THEATRE FITTING. 

A Mobile Operating Theatre Fitting was designed 
in collaboration with one of the major London hospitals 
to meet the special requirements of surgeons. The 
smooth base casting which contains the transformer is 
mounted on silent-running, anti-static castors and the 
balanced arm gives wide-range finger tip adjustment. 
The special lighting head has a heat-absorbing filter so 
that even when the light is concentrated to give its 
maximum illumination of 1,775 lumens per sq. ft., 
there is no sensation of heat. The simple one-knob 
control gives instant focusing. 


LIGHTING UNIT FOR ACCURATE COLOUR 
MATCHING. 
Experiments with colour matching units, mentioned 
in an earlier Progress Article,+ have continued. To 
the previous combination of tungsten lamps and 


*Osram Bulletin, Vol. 34, p. 70, July, 1957 
+G.E.C. Journal, Vol. 23, p. 58, January, 1956. 


fluorescent tubes has been added ultra-violet and it is 
now possible to obtain artificial lighting conditions 
from “ Sunlight” to “ North Daylight ”. 

In a prototype of the new colour matching unit 
(fig. 9) the light box at the top of the cabinet has a 
bright metal reflector lining and accommodates three 
different types of light sources. Their light, owing to 
the nature of the reflectors and to the diffusing 
“‘ Perspex ” cover on the underside of the light box, 
is blended evenly at the test platform below. Two of 
the light sources are fluorescent tubes, one using a 
blue phosphor and the other emitting in the near 





Fig. 9.—Prototype of colour-matching unit. 


ultra-violet range. The latter is used with a filter to 
absorb the visible light. 

The third light source is of the incandescent fila- 
ment type. This is fed through a dimmer which 
permits close adjustment of the proportion of red light 
in the mixture. The ability to reproduce a given 
setting, to suit prevailing conditions and the colour 
vision characteristics of the operator, is facilitated by 
the inclusion of a dichroic scale housed under a 
hinged panel in the sample platform of the cabinet. 
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TELEPHONE EXCHANGES. 

Major developments are about to take place in 
the field of telephone communications. These relate 
to two-motion selector switches, wider use of sub- 
scriber trunk-dialling with the aid of register-trans- 
lators, and electronic automatic telephone exchanges. 


THE SESO SELECTOR. 

The SE50 two-motion selector (fig. 1), since its 
introduction in 1951, has been very favourably 
received by many overseas telephone administrations. 
Among those who have adopted it are the Australian 
Post Office, the Nigerian Posts and Telegraphs, the 
Iraq Posts and Telegraphs, the Hong Kong Telephone 
Company, the Singapore Telephone Board and the 
Saskatchewan Telephone Administration. A typical 
installation using this selector in an exchange at 
Kamsack in the Province of Saskatchewan is shown 
in fig. 2. 

During the last few years, the British Post Office 
has also been examining the virtues of the SE50 
selector and in 1955 two exchanges were installed 
using this selector in order that the Department 
could have facilities for its evaluation. Continuous 
records were kept of the selector performance and, 
on the basis of the results of this trial, the British 
Post Office has now decided to adopt this selector 
for future use in new exchanges and has coded it as 
the “4000 type”. The switch is interchangeable 
with its predecessor, the B.P.O. “2000 type” ; 
among its advantages are longer life and easier main- 
tenance. Though in appearance very little different 
from the “2000 type”, the SE50 is effectively a 
completely new design. The first exchange in the 
United. Kingdom using this selector in normal service 
is likely to be installed during 1958. 


REGISTER-TRANSLATOR EQUIPMENT FOR SUBSCRIBERS’ 

TRUNK DIALLING. 

It is now the policy of the British Post Office that a 
new service shall be extended as quickly as possible 
to all subscribers, whereby they will be able to dial 
their own calls to any destination in the United 
Kingdom without the intervention of an operator. 

The complex equipment which has to perform 
the duties previously carried out by the operator 
has been developed during the last few years and 
takes the form of electronic registers. These accept 
the impulses dialled by the subscriber and translate 
them into signals which route the call to the required 
destination using the normal exchange switching 
apparatus for the actual establishment of the call. 
Thus it will be seen that these electronic registers 


act simply as an aid or controller for existing electro- 
mechanical switching and are in no way electronic 
exchanges themselves. 

The first exchange in the United Kingdom to be 
equipped for this new facility will be Bristol and 
the Company is at present manufacturing the elec- 
tronic registers for this exchange. This equipment 
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Fig. |.—SE50 two-motion selector. 


uses the cold cathode triode (CCT6) developed by 
the Company specifically for such applications and 
will form the first large scale use of this tube. It is 
anticipated that this equipment will go into service 
in 1959. 


ELECTRONIC AUTOMATIC TELEPHONE EXCHANGES. 

The following statement of policy was issued 
jointly in July by the British Post Office and the 
leading British telephone manufacturers : 

“Telephone exchanges into which the public 
now dial use mechanical switches to make the connec- 
tions demanded. These switches operate with moving 
parts and metal contacts and have reached a high 
degree of efficiency and economy. Over the past 
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few years, however, electronic switches having no 
moving parts or metal contacts have been under 
development and now show signs of competing with 
mechanical switches. 

“To meet this situation the British Post Office 
and five manufacturers—Automatic Telephone and 
Electric Ltd., Ericsson Telephones Ltd., The General 
Electric Co. Ltd., Siemens Edison Swan Ltd. and 
Standard Telephones and Cables Ltd.—have com- 
bined their research and development resources in 
this field to handle the problems implicit in the 
very large changes involved in this new method of 
providing telephone service. 





Fig. 2.—Telephone exchange at Kamsack, Saskatchewan. 


“Research and development into all forms of 
switching systems is being pursued so that the final 
choice will be fully representative of advanced practice 
when the time comes for standardisation. 

“The first result of the collaboration will be an 
experimental all-electronic exchange to be installed 
in London and which is expected to be in service 
in March, 1960, after extensive evaluation trials. 
This exchange, now in an advanced stage of design, 
will serve more than a thousand subscribers in the 
North London Exchange area known as Highgate 
Wood. The equipment will work with and into 
existing electro-mechanical exchanges. The sub- 
scribers served by this exchange will receive all the 
services at present available to subscribers, and 
existing types of telephone instruments and private 


switchboards will continue to be used. The new 
exchange will be able to provide subscriber dialling 
of trunk calls and other services as these become 
general practice in the country. 

“This exchange is a step towards still better 
service to the public. The exchange will be conser- 
vatively designed so that the principles of electronic 
working can be tested in actual practice without 
greatly influencing the service to subscribers. It is 
expected that future research and development will 
lead to exchanges which will show overall economies 
and will permit cheaper forms of lines to be used 
while at the same time rendering extended and 
more reliable service to the 
community. 

“The scientific and engi- 
neering effort needed to ex- 
plore these possiblities within 
a reasonable number of years 
is so great that the parties 
most actively concerned have 
found it necessary to co- 
ordinate their efforts rather 
than work independently. 

“The principles of the 
new exchange have been 
described in professional 
papers and the technical 
press. Briefly, it can be 
stated that the exchange will 
use the principles of time 
division multiplex switching 
operated between switched 
highways. The calls will be 
held in registers for a very 
short time, being then re- 
leased one at a time into the 
exchange for setting up over 
the highways. Further 
details will be made available 
as the laboratories engaged 
on the project are able to 
release the information.” 

The G.E.C. share in this 
effort is being undertaken 
jointly by the Telephone 
Works and Research Laboratories and during the 
last year much has been done on the detailed develop- 
ment and engineering of the all-electronic exchange 
to be installed at Highgate Wood. Before construction 
actually begins, a full-scale trial of the equipment 
will be made and work towards this has now reached 
an advanced stage. 


ELECTRONIC TELEMETERING. 

A model of the electronic telemetering equipment 
described two years ago* was shown at the Radio 
Engineering Exhibition in Toronto. The purpose of 
this equipment is to transmit and display meter 
readings over a distance. Development is now 
complete on two of these “ information transmitting ” 

* G.E.C. Journal, Vol. 23, p. 64, Fanuary, 1956. 
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systems using the techniques of electronic switching. 
The first, known as EDICT (Electronic Digital 
Indicating and Control Transmission) permits con- 
tinuous control of distant equipment in a widespread 
system from a central control. For example, in a 
power generating system the information trans- 
mitted to the control room could indicate water level 
in the reservoirs, power generated and distributed, 
positions of circuit breakers and transformer tap- 
changing gear and the condition of the various warning 
circuits. Controls could be provided for gates and 
valves regulating the flow of water and for circuit 
breakers and transformer tappings regulating the 
flow of current. On a power network and indeed, 
in other networks such as railway systems, a centralised 
control enables considerable economic advantages to 
be obtained. 

The second system, known as EDIT (Electronic 
Digital Information Transmission) is used where 
back indications are required without control facili- 
ties. 

The circuitry in these systems is based on the use 
of the cold-cathode triode, CCT6. This operates 
at higher speed and can be used continuously for 
longer periods than electro-mechanical switches. 
Consequently, information can now be fed to the 
control room continuously, whereas in the past it has 
often been limited to the recording of changes in 
circuit conditions. 

With the electronic system, there is no “ queueing ” 
procedure—one change having to be transmitted 
before another can be sent—to cause delay. The 
movement of a control switch is followed immediately 
by that of the mechanism under control. If ten 
or twenty such switches are moved simultaneously 
the corresponding mechanisms alter their positions 
within three or four seconds. 


TRANSMISSION EQUIPMENT. 
TRANSISTORISED EQUIPMENT. 


During the year development of miniaturised 
equipment has continued. This technique is greatly 
assisted by the use of transistors, and orders for 
transistorised equipment have now been received 
from such places as Australia, New Zealand, Nigeria, 
Peru, South Africa and the United Kingdom. 

One such equipment provides for up to ten high- 
quality speech circuits over an open-wire pair. It 
has a practical operating range of from five to fifty 
miles, and is particularly suitable for economic 
provision of subscriber and junction circuits in rural 
areas. The capital cost of such a system is less than 
that of providing equivalent facilities by adding 
physical pairs to the pole route, and only a minimum 
amount of maintenance is required. 

The equipment can be operated on either a group 
or a stackable basis. With the latter, circuits can 
be terminated at intermediate points along an open- 
wire route. 

Table 1 gives typical frequency allocations for 
the three types of system available. The “A” 


system provides for twenty-one unidirectional channel 
allocations. As only twenty allocations are required 
to provide ten speech circuits, the remaining allocation 
acts as a spare for lines where an absorption peak 





TABLE 1. 
Frequency allocations for rural carrier telephone equipment. 
Channel carrier frequency in kc/s 
Circuit Stackable Systems Group Systems 
number 
“ A ” “ B ” “ce Cc ” 
Direction Direction | Direction 
A-B B-A A-B B-A A-B_ B-A 
1 8 16 8 96 8 100 
2 32 24 16 104 16 108 
3 40 48 24 112 24 | 116 
4+ 64 56 32 | 120 32 | 124 
5 72 80 40 128 44 132 
6 96 88 48 136 52 140 
7 104 112 56 144 60 148 
8 128 120 64 152 68 156 
9 136 144 72 | 160 76 164 
10 160 152 80 168 84 172 











prevents the use of a portion of the frequency band. 
The twenty-first channel, employing a carrier fre- 
quency of 168 kc/s, is not shown in the table. 





Fig. 3.—Hinged plate mounting of rural carrier receive unit. 


The gain of the equipment allows the circuits to 
be set for zero overall loss. In practice, however, 
an overall loss of 6dB is normally used to ensure 
the stability of the system. Each channel equipment 
incorporates an automatic gain control system operated 
by the level of the carrier frequency. The control 
system caters for variation of up to 3dB decrease 
and 6dB increase in line loss. 
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In addition, each channel is equipped with a low 
distortion compandor to provide an effective improve- 
ment in the signal-to-noise ratio. This permits 
operation of the carrier channels over circuits that 
might otherwise be unsuitable because of excessive 
noise, distortion or inter-channel crosstalk. 

The use of transistors ensures a low power con- 
sumption and the equipment can be operated in 
places where the mains supplies are unreliable or 
non-existent. All components and wiring are suit- 
ably finished to make the equipment available for 
use in either temperate or tropical climates. 

The rural carrier equipment will operate on the 
same pole pair as a single-circuit or a three-circuit 
system, and on the same pole route as a three-circuit, 
twelve-circuit or another rural carrier system. 

The apparatus itself is assembled in the form of 
units, which slide into position on guides in a rack. 
This construction differs from that used in previous 
transmission equipments in that the unit is not 
the same width as the rack. Several units can be 
mounted side-by-side to make up the full rack 
width. As in previous equipments, the connec- 
tions between the units and the rack wiring are by 
plug-in links so that a unit can be removed for main- 





Fig. 4.—Typical under-chassis view of printed circuitry in a radio receiver. 


tenance, if necessary, without unsoldering any wires. 
The units themselves open out on hinged plates to 
give easy access to the components (fig. 3). 


U.H.F. RADIO LINK EQUIPMENT. 

Development has continued on long-haul wideband 
radio equipments for use in the 2,000 Mc/s frequency 
band. This has led to the design of simpler and 
more compact equipment of improved performance, 
suitable for monochrome or colour television systems 
and telephony systems of up to 240 channels to 
C.C.I.R. recommendations for international net- 
works. Channel capacity can be increased up to 


approximately 480 channels with some degradation 
of performance. 

A complete transmitter and receiver is accommo- 
dated on a single-sided 7 ft. 6 in. rack. The power 
consumption is low, being approximately 0.5 kVA. 

An order for this equipment has been received 
from the Nigerian Department of Posts and Tele- 
graphs for the provision of two terminal stations 
and two unattended intermediate relay stations on a 
route between Lagos and Ibadan. This will form 
part of the P & T Department’s development pro- 
gramme. Three radio frequency channels will be 
arranged in multiplex to give two working channels 
having a total capacity of 480 speech circuits and a 
common standby channel which can replace either 
of the two working channels. In the event of a failure 
of one of the working channels, the changeover to 
standby will be automatic. 

The same basic radio equipment together with 
modulators and demodulators of different design is 
also available for the long-haul transmission of tele- 
vision signals. 


T.V. TRANSLATING EQUIPMENT. 

The Company has supplied translating equipment 
for use on coaxial-line television links 
on the following routes : 

Birmingham — Manchester — Riv- 

ington Moor 

Manchester — Carlisle — Glasgow 

— Kirk o’ Shotts 

London — Bristol — Cardiff 
and line equipment was also supplied 
on the Birmingham — Rivington 
Moor and London — Bristol links. 
Facilities were included to allow 
programmes to be dropped and in- 
serted at Carlisle and Bristol. 

The translating equipment is 
mounted on Type 51 racks. Two 
transmitter or two receiver equip- 
ments can be mounted on one 9 ft. 
rack. Alternatively, a single trans- 
mitter or receiver equipment can be 
mounted on one 6 ft. rack. 

The video frequency television 
signals are translated from the band 
0 to 3 Mc/s to the band 0-5 Mc/s to 
4 Mc/s, for vestigial sideband trans- 
mission, using a high-level carrier frequency of 1-056 
Mc/s. The picture may be negative or positive going. 

A receiver effects the translation of vestigial side- 
band television signals with a high-level carrier signal 
at 1-056 Mc/s from the band 0-5 Mc/s to 4 Mc/s to 
the video band 0 to 3 Mc/s. 

Each set of equipment can be duplicated to ensure 
a high degree of reliability. Facilities are provided 
to enable the equipment to be changed over from 
normal to standby working, or vice versa, either 
locally or by remote control. 

The line equipment, for conveying the frequency 
band 0-5 Mc/s to 4 Mc/s, at both terminal and repeater 
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stetions consists of line amplifiers, line equalisors, 
pilot control apparatus, power unit and power separat- 
ing filters. Repeaters are located at 6-mile intervals 
and at dependent repeater stations the necessary 
power supply is received through the coaxial tubes 
themselves from a terminal station, or power-feeding 
repeater station. The latter has an external power 


supply. 


NEGATIVE IMPEDANCE REPEATER. 
A transistor-equipped negative impedance repeater 





Fig. 5.—Automatic coil winding and shaping machine. 


has now reached an engi- 
neered form. This type 
of repeater, which is intended 
for use in loaded audio pair 
cables, is bilateral, in that it 
presents an apparent nega- 
tive impedance to the line 
when . viewed from either 
direction. This impedance 
can be made to neutralise 
most of that of the line, so 
giving an overall insertion 
gain. The amount of gain 
obtainable depends on the 
accuracy of impedance match 
and the position of the 
repeater in the line. On 
actual trials it has been 
found that the loss can 
readily be halved by the use 
of negative impedance re- 
peaters and usually reduced 
to a few decibels while still 
maintaining an adequate 
margin of stability under all 
operating conditions. 


TELEPHONE COMPONENT APPLICATIONS. 
** PHOTON ” TYPESETTER. 

The versatility of telephone components is well 
demonstrated by a recent application in the U.S.A. 
of relays and two-way selectors produced by the 
Telephone Works. They are used in a new type- 
setting machine, called the “ Photon”.* This is a 
combination phototypesetting and photocomposing 
machine which not only increases the speed of type- 
setting—it employs film, not lead type—but also 
enables type faces, sizes and arrangements to be 
mixed easily. In addition, no fewer than 80 
different column widths are obtainable by 
pre-set control and, no matter what the fount, 
typeface or size intermixed in a given line, 
each line is “ justified ”’—i.e. all lines are 
adjusted to the chosen length. The two-way 
selector is used in the calculating devices for 
this automatic justification. : 


RADIO AND TELEVISION. 

The expansion of the Band III television 
service and the frequency modulation radio 
service has influenced the trend of receiver 
design. Long-term developments are also 
taking place which will involve changes in 
production techniques, including the intro- 
duction of transistors and printed circuitry. 
The latter technique, in particular, lends 
itself well to mechanised assembly and auto- 
matic testing. Considerable developments 
have been made during the last year, but 
changes of this magnitude involve considerable 


* Electrical Engineering, Vol. 76, p. 649, Fuly, 1957. 


hy 1m a 
! Si Pye By 
~2 ie Us 


a uP 





Fig. 6.—Germanium point contact diode sorting machine. 
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effort in the planning and design both of production 
sets and the assembly lines for them, and further 
development is necessary before fully automatic 
assembly and testing can come into operation. 

The performance of television receivers is now 
determined largely by Band III reception conditions. 
Improvements in circuitry have been made to 
give maximum performance in terms of signal- 
to-noise ratio and time base operation under 
adverse noise conditions. New methods of con- 
struction and production which have also been 
introduced have enabled the high quality of per- 
formance and appearance to be maintained, while 
still effecting the economies in manufacture essential 
in this highly competitive field. Examples of these 
methods are the bentwood technique used for the 
cabinets of the 17 in. and 21 in. television receivers 
and the plastic cabinet with wood graining, simulated 
by a photographic process, used in the 14 in. 
receiver. 

During the past year, the 17 in. screen has been 
the most popular size and the production of partially 
printed-circuit television sets has been carried out 
on a pilot scale. Frequency modulation radio recep- 
tion is catered for on some television models, using 
three positions on the turret tuner, an innovation 
which reflects the increasing importance of this new 
service. 

Three new domestic radio models have been intro- 
duced, a small battery portable, a mains 
transportable and a transistor receiver. All 
these receivers use printed circuitry throughout 
and the neat layout achieved by this method 
of construction is illustrated in fig. 4. 


MECHANICAL ASSEMBLY. 

While the ultimate aim in production, that 
of completely mechanical assembly, is not yet 
in sight, a number of novel machines are 
already in use which are demonstrating the 
feasibility of “automation” in radio and 
television assembly. These include an auto- 
matic coil-laminating machine and a four- 
coil winding machine, illustrated in fig. 5, 
which both winds and forms the coils to the 
shape required for deflector coils and yet is 
simple enough to enable one operator to 
control two machines. With such aids, the 
production engineers are enabling unskilled 
people to do skilled work, a factor of great 
economic importance at the present time, 
especially in areas where the demands of other 
industries for skilled labour have also to be met. 
The germanium point contact diode sorting machine 
(fig. 6) has been built at the Radio Works and is 
now sorting, rapidly and accurately into eight grades, 
some 40,000 to 50,000 crystals per week. 


AUTOMATIC PILOT PLANT. 
The experimental machine, mentioned last year,* 


* G.E.C. Journal, Vol. 24, pp. 59-60, January, 1957. 
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Fig. 7.—A group of heads for automatic insertion of components 
into printed circuit boards. 


, 


Fig. 8.—Close-up of one of the insertion heads. 


for assembling and soldering printed circuit panels 
has now reached the pilot plant stage and has been 
used on panels for incorporation in printed circuit 
sets. The heads for automatic insertion of compon- 
ents into the printed circuit panels are shown in 
fig. 7 and 8. Thorough tests have been made 
with several different types of head and a very 
satisfactory design has now been adopted. Each 
head clips one component into a particular position 
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on each panel. Advances have been made in the 
selective etching of the metal of the panel. 

Not all components can be clipped into the boards 
by the automatic heads. Assembly varies from 
mechanical to hand, since the larger components can 
be satisfactorily fitted only by moderately skilled 
operators. The assembled panels are completed by 
dip-soldering in a molten bath and here care has to 
be exercised to ensure that components have sufficient 
thermal capacity to remain undamaged by the heat 
of the tank. 

Experiments have also been carried out on testing 
and aligning circuits under automatic operating 
conditions. It is hoped that much of this can be 
done automatically when the production version of 





Fig. 9.—Dust-free room for assembly of special receiving valves. 


the pilot plant goes into operation. In other 
cases, where testing by a skilled operator is still 
necessary, the most satisfactory solution is to move 
the operator along by the side of the components 
assembly line. The speed of operations under 
automatic assembly conditions is shown by the fact 
that Radio Works is thinking in terms of a 45-second 
time scale for one complete production cycle. 


ACOUSTICS. 

In the field of acoustics a notable advance has been 
made in the reproduction of sound by the introduction 
of the G.E.C. “ Periphonic” loudspeaker system. 
Briefly, this system uses two loudspeakers in “ Push- 
Pull ” as is done in the case of power valves in high 


quality amplifiers and, correspondingly, it results in 
a great reduction of distortions due to bending and 
buckling of the cone and non-linear movement 
of the cone relative to the applied voltage. The 
“ Periphonic”” system makes use of two standard 
G.E.C. Metal Cone loudspeakers mounted in a 
narrow V-shaped enclosure in such a way that the 
back of one loudspeaker fits into the front of the 
other so as to bring the two cones as close together 
as possible. The open top edge of the “V” is 
fitted into the under side of the cabinet which 
constitutes the correct acoustical termination of the 
“V” unit. This unit handles frequencies up to 
1,500 c/s, while higher frequencies are radiated from 
four G.E.C. “ Presence Units” which are fed from an 
electrical cross-over network. 

The overall result is a 
loudspeaker system which 
handles the whole frequency 
range from slightly below 
30 c/s up to 15,000 c/s, 
without any noticeable 
coloration and with a har- 
monic distortion of less than 
3 per cent at the full input 
power of 10 watts even at 
frequencies as low as 40 c/s. 


STEREOPHONIC SOUND. 

In 1956 an article was 
published* by the Research 
Laboratories which gave an 
outline of the requirements 
of a simple two-channel 
stereophonic system suitable 
for use in the home. This 
called for a loudspeaker 
having special features and 
in August 1957 a “ Peri- 
phonic” version of this was 
demonstrated at the National 
Radio and Television Exhibi- 
tion at Earl’s Court. The 
special function of this 
“ Steri-Periphonic” loud- 
speaker is to fix the apparent 
positions of sounds independ- 
ently of the position of the listener. This is achieved 
by the use of a small horizontal line source loud- 
speaker system for the higher frequencies: it has 
asymmetric grading to give the special polar response 
required and yet retains a smooth frequency response. 


VALVES. 

Following a major change in Company policy 
with regard to the manufacture of valves and cathode 
ray tubes, the decision has been taken to concentrate 
effort on the development and production of special 
valves, especially microwave and gas-filled types, 
and on cathode ray tubes for high quality, precision 


* Wireless World, Vol. 62, pp. 206-210, May, 1956, and pp. 331-334 
July, 1956. 
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instrument purposes. This is the logical outcome 
of the trend noted last year* in emphasis being placed 
on special valves. 


SPECIAL RECEIVING VALVES. 

The new disc-seal U.H.F. triode, the E1771, 
referred to last year,t is now in production as the 
DET 29. It has the same outstanding frequency 
range as the prototype and gives a useful performance 
up to 6,000 Mc/s. 

There has been continued activity in the develop- 
ment of special quality receiving valves for use under 
rough service conditions and, as a result, a number 
of new types has been introduced. 

A new high figure-of-merit valve, the A2674, 
which is similar to the Western Electric 436A, has 
been produced for use in wide band amplifiers. It 
has a mutual conductance of 32 mA per volt at 23 mA 
anode current. Valves of this type are assembled 
in a specially built, dust-free room (fig. 9). 


SPACE CHARGE CONTROL TRANSMITTING VALVES. 

In this field, three types have been added to the 
range. The ACS4 is a forced-air-cooled tetrode 
with anode dissipation of 3 kW operating up to 220 
Mc/s. The TT20 is a double-tetrode for use as an 
amplifier up to 600 Mc/s. It has an anode dissipation 
of 10 watts per system. 

The ACT30 is a forced air-cooled triode with an 
anode dissipation of 3 kW operating up to 220 Mc/s. 


GAS-FILLED V ALVES. 

The new xenon diode rectifier (type GXU5) 
mentioned last yeart is now in factory production 
and the range of xenon rectifiers has been further 
extended. With the introduction of the GXU50, 
the mean currents of available valves range from 
250 mA to 4 amp and the peak inverse voltages from 
5-2 kV to 13 kV. In addition a new xenon rectifier, 
the E2692 (fig. 10), rated at 3 amp mean current 
and 15 kV peak inverse voltage, has been successfully 
developed. This high voltage is achieved by careful 
control of the field distribution between cathode and 
anode, thus ensuring a high Paschen breakdown 
potential. 

The VX3250 high power hydrogen thyratron is 
now in the preproduction stage. New hydrogen 
thyratrons introduced are the GHT1, 2 and 3 and 
the 5948/CV3518. All except the GHT1 incorporate 
the barretter-replenisher system for gas pressure 
control reported last year. Comparative performance 
figures for the GHT2 and 3 are given in the table 
below : 


GHT2 GHT3 
Hold-off (anode volts ) 18 kV 25 kV 
Peak anode current 700 amps_ 1,000 amps 
Mean anode current 1-25 amps 1 amp 


For both valves the rate of rise of anode current 
is 5,000 amp per microsecond and the product of 
* G.E.C. Journal, Vol. 24, p. 55, January, 1957. 


+ G.E.C. Journal, Vol. 24, p. 57, January, 1957. 
t G.E.C. Journal, Vol. 24, p. 58, January, 1957, and p. 171, October, 
57. 


Peak Power Repetition Rate is 5,000 MW cycles. 
The GHT3 has a “jitter” of 1 millimicrosecond. 
The 5948/CV3518 is similar to the GHT3, but has a 
jitter of 10 millimicroseconds. (“ Jitter” is the 
variation of the time between the application of a 
trigger impulse and the time the valves “ fires ”’.) 
In the grid-controlled rectifier field, the gases most 
commonly used have been mercury and xenon. 
With mercury triodes the maximum peak inverse 
voltage is about 20 kV and the mean current 3 amp. 
Very high voltage xenon triode valves are not feasible 
at the present time since the rate of gas clean-up is 
rapid in a rectifier circuit where high surge voltages 
are present at the instant of commutation. It is 
usual, therefore, to limit a xenon grid-controlled 
rectifier to a peak inverse voltage of a few kV. 





Fig. 10.—E2692 Xenon rectifier. 


Excessive gas clean-up will occur in a high voltage 
grid-controlled rectifier whatever permanent gas 
filling is used. Mercury vapour, with all its attendant 
disadvantages, has therefore of necessity been used 
for this type of service. Recently, however, a com- 
pletely new type of hot cathode grid-controlled 
rectifier, with a hydrogen filling, has been developed. 
Hydrogen has the advantages of xenon, i.e., quick 
warm-up and wide ambient temperature range ; 
it can also be used at voltages as high as those for 
mercury valves. Hydrogen gas cleans up just as 
rapidly as any other permanent gas but has the advan- 
tage that it can be replenished, using well-established 
techniques. 

A photograph of the first experimental hydrogen 
rectifier to be produced, the E2710, is shown in 
fig. 11. The tentative ratings of this valve are 10 kV 
maximum forward and inverse voltage, maximum 
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mean current—0:5 amp, cathode anode volt drop— 
50 volts, grid voltage required to fire—100 volts, 
grid current to fire—2 milliamp. 


MICROWAVE VALVES. 

The robust X-band magnetron referred to last 
year* has now been introduced into production and 
is known as the MAG 7. It is of rugged construction, 
designed for Service conditions, and has the same 
performance as the prototype—a power of 80 kW 





Fig. |1.—E2710 hydrogen rectifier. 


at a pulse length of lus, and capable of operating 
with a rate of rise of voltage of 250 kV/ys. 

Also in production is the MAG 8, a low-power, 
pulsed, X-band magnetron. This valve is 
somewhat unusual as it operates under spatial 
harmonic conditions and consists of an anode 
system within a glass envelope. (The “ rising 
sun” anode system within a glass envelope, 
mentioned last year, is not a spatial harmonic 
valve. ) 

The M-type backward wave oscillator is 
now going into production. In backward 
wave oscillators, an electron beam interacts 
with an electromagnetic wave travelling in 
the opposite direction, so that there is an 
inherent feedback mechanism leading to self- 
oscillation. In the M-type valve, the beam 
moves at right angles to crossed electrostatic 
and magnetic fields as in a magnetron. The 
production types are power tubes which can 
be tuned over a wide frequency range by 
variation of a single voltage. Two models, 
each giving a minimum power output of 150 
watts over a 30 per cent frequency band, cover 
the S-band. 


* G.E.C. Journal. Vol. 24, p. 56, January, 1957. 


S-BAND KLYSTRON. 

Another S-band valve is the Klystron, type M.W.4, 
illustrated in fig. 12. Although nominally a 1 kW 
c.w. valve, it will in fact yield well over 2 kW. It 
has a gain of about 36 dB and an efficiency of about 
36 per cent and is tunable over 12 Mc/s. A later 
design will have a slightly improved performance 
and a tuning range of about 100 Mc/s. 


TRAVELLING WAVE TUBES. 

During the past year work has continued on low 
noise and power travelling wave amplifiers in the 
2,000 Mc/s band. Travelling wave tubes on higher 
frequencies are also being investigated for commercial 
and service applications. 

The noise figures obtained from low noise valves 
have been further reduced as a result of refinements 
in the details of tube construction and processing, 
and noise figures consistently less than 8 dB are 
obtained at the present time. The bandwidth of 
the tube is from 1,500-2,600 Mc/s, and a noise figure 
of between 7 and 9 dB can be obtained over a range 
from 2,000 to 2,600 Mc/s without any adjustments. 

The 2,000 Mc/s high power tube is now in pre- 
production. It has been possible to decrease the 
solenoid power requirements, and an_ installation 
has been made in which both the valve and its power 
supplies are cooled without forced cooling of any 
kind. This valve has a gain which varies from over 
40 dB at an output of about 10 watts to about 25 dB 
at an output of 35 watts, and it can be replaced in a 
circuit without any focusing or R.F. adjustments. 


METAL-CERAMIC SEALS. 

Metal-ceramic seals are used for two purposes 
in the valve industry, either as a means of supporting 
electrodes rigidly and accurately inside a valve, or 
as part of the vacuum envelope. In the latter case, 
the metal-ceramic seal must be vacuum tight as well 





Fig. 12.—S-Band Klystron type M.W.4. 








72 The Year’s Progress 


as mechanically sound and must be able to withstand 
at least one heat cycle to 700 deg. C. Several advan- 
tages result from the use of metal-ceramic rather than 
metal-glass seals. A higher baking temperature can 
be used during the degassing of the valve with a 
resultant shortening of the time taken for subsequent 
ageing. Metal-ceramic valves can be made more 
sturdy than their glass counterparts and can operate 
at higher temperatures. The overall size of the 
valve can, therefore, be reduced and a precise and 
rigid assembly more easily made. The dielectric 
loss of the ceramics used is less than that of glass. 

High alumina types of ceramics are available com- 
mercially which are suitable for many of the proposed 
uses in the valve industry and research has concen- 
trated on the development of techniques for metallising 
the ceramic and bonding it to the metal component 
by brazing. Metallising-ceramic bonds are now 
being made with a mechanical strength as great as 
that of the ceramic itself. 


CATHODE-RAY TUBES. 


As mentioned above, the decision has been taken 
to concentrate future effort in the field of cathode- 
ray tubes on high quality, high precision types. 
Already this policy is showing good results in the 
appearance of two tubes of high deflection sensitivity. 
The first, the 5BHP1, is a 5 in. diameter, flat face, 
tube whose performance is considered to be equal 
to that of any oscilloscope tube in the world. Intended 
primarily for use in wide-band measuring oscillo- 
scopes, the tube has a Y-plate deflection sensitivity 
of 1-5 mm per volt under typical conditions. The 
high sensitivity is achieved with specially designed 
deflector plates, while the use of helical post-deflection 
acceleration and an aluminised screen enables a 
bright, fine trace to be obtained. 

A conventional post-deflection accelerator (p.d.a.) 
consists of a conducting band applied to the inside 
of the tube near the screen, to which a voltage of 
up to double that of the electron gun may be applied. 
Such a tube operating with a p.d.a. voltage of 10 kV 
would therefore have a gun voltage of 5 kV. If 
this ratio is increased beyond 2 : 1, distortion of the 
trace is produced in the electrostatic lens formed 
between the p.d.a. band and the rest of the tube. In 
the case of the helical p.d.a., however, its effect is 
distributed over! the whole length of the helix and 
the distortion is very considerably reduced. This 
enables the ratio/to be increased to 6 : 1, under which 
condition the eléctron gun operates at only 1-67 kV. 
Since the deflection sensitivity increases as the gun 
voltage is reduced, the helical p.d.a. tube is therefore 
much more sensitive than a tube with conventional 
p.d.a. Additional refinements of the tube are low 
inter-electrode capacitances obtained by making 
short side connections to the deflector plates, and 
provision for the adjustment of the potentials of 
auxiliary electrodes where extreme precision in 
deflection linearity and raster shape is required. 

The second high-precision tube is the LD517, 


a twin beam, high deflection sensitivity, 5 in. diameter, 
flat face tube. Hitherto, two-trace cathode-ray tubes 
have been either single-gun tubes with a central 
splitter plate giving two beams or tubes containing 
two completely independent electron guns. The 
split beam tubes are only slightly more expensive 
than a single beam tube, but the deflection system 
is inherently less sensitive than that of the single 
beam tube. In addition, there is no simple means 
for controlling the brightness of the two traces inde- 
pendently. The double gun tube has the disadvan- 
tages of higher cost of manufacture and the difficulty 
of registration of the deflection centres and axes of 
the independent guns. 

The LD517 provides a means of producing two 
traces in a tube having a performance equivalent to 
that of the single gun type without the complexity 
of the double gun tube. It has an electron gun 
which, although designed as a single unit, has in 
fact two electron beams whose brightness can be 
controlled independently and each beam of which 
has its own pair of sensitive Y deflection plates. The 
two beams are deflected in the X direction by plates 
which are common to both beams and provide perfect 
coincidence of the start of the respective scans. The 
tube has a helical post-deflector accelerator and an 
aluminised screen. This ensures that the tube has 
adequate brightness without loss of deflection sensi- 
tivity. 

Two new general purpose oscilloscope tubes, the 
3WP1 and 5ADP1, have been developed. These 
tubes may be used as dollar-saving replacements 
for American tubes in N.A.T.O. equipment and are 
also of considerable interest to commercial oscillo- 
scope manufacturers. In addition, two 9 in. radar 
tubes have been produced. The first, the 2269YMM 
(VCRX 432) tube is a high precision position indi- 
cator with a flat face screen coated with aluminised 
fluoride phosphor. The triode gun operates at 
15 kV. The tube is designed for service conditions 
and has the advantage that replacements can be fitted 
by unskilled personnel with the minimum of adjust- 
ments. The second type, the 2273 PTM, has electro- 
static focusing. 

Several new tubes were shown at the 1957 exhibition 
of the Physical Society. Among these were types 
developed for use in computers in which information 
is received from several individual channels. For 
each such channel, a “ Flash ” tube is used to provide 
a pulse of light corresponding to the information. 
This light pulse is recorded on film for subsequent 
inspection and interpretation. These tubes are also 
used as time markers for multi-channel oscillography 
and stroboscopic light sources. Their main virtues 
as sources of light, compared with conventional 
sources, are that the rise and decay times of the light 
pulses are more rapid and that the light output is 
obtained with a control voltage as low as 20 volts. 

Also exhibited were the Travelling Wave Deflection 
system tubes developed last year for the recording 
of very fast single-stroke transient phenomena, and 
now in production. The connections to the deflection 
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system have been improved to enable singles of 
larger band-widths to be displayed. 

Another exhibit was a function generator cathode- 
ray tube which enables an output voltage equivalent 
to the required function to be obtained. As the elec- 
tron beam is deflected across the target electrode, 
which is shaped according to the required function, 
the beam is made to follow this profile by means of a 
feedback loop. The magnitude of the voltage fed 
back to maintain the electron beam on its correct 
path represents the correct voltage function. 


FABRICATED DiP-BRAZED ALUMINIUM WAVEGUIDE. 


During the past few years the Applied Electronics 
Laboratories, Stanmore, have carried out extensive 
investigations into techniques suitable for the produc- 
tion of microwave components. To meet the ever- 
present demand for more compact and lighter equip- 
ment for aircraft and guided weapons, a technique 





Fig. 13.—Partly assembled dip-brazed aluminium waveguide. 


has been developed for the production of thin-walled 
aluminium waveguide fulfilling such requirements. 

It has been found possible to replace a complex 
system of aluminium die-cast waveguide components 
for an airborne radar transmitter-receiver by a 
single, fabricated, salt-bath brazed unit, with a 
consequent nett reduction in weight from 8 lb. to 
less than 1 lb. This results in an appreciably higher 
gross saving on a completed aircraft installation. 
Fig. 13 shows a partly assembled dip-brazed unit 
of this type. 

The waveguide is produced from a specially coated 
aluminium sheet which is punched and assembled 
by an interlocking tag and slot construction designed 
to dispense with the necessity of assembly and brazing 
jigs. This enables the whole unit to be brought up 
to the required temperature rapidly and uniformly. 


MULTIPLE PRECISION VACUUM-TIGHT BRAZING. 

Other brazing techniques have been investigated 
at the Wembley Valve Research Laboratories as 
part of the extensive programme for the development 
of microwave radio valves. The successful operation 
of these valves often depends upon the degree of 
precision which can be reached during construction. 
Normal methods of brazing have been improved to 
enable vacuum-tight multiple brazes of very high 
dimensional precision to be made. In one case, 
this involves nearly 150 simultaneous precision 
brazes in which each joint must be of the high quality 
necessary for the low electrical resistance essential 
to the satisfactory functioning of the valve and in 
which the final dimensions of the assembly must be 
accurate to a few thousandths of an inch. 


D.C. MULTIPLEX EQUIPMENT. 


A new d.c. multiplex equipment has been produced 
which will indicate the operating state of apparatus 
situated at remote locations. Information from up 
to twelve widely separated units can be relayed to a 
control point along a single pair of wires whereas, 
previously, one pair of service wires has been required 
for each unit monitored. Signals or indications can 
be transmitted simultaneously along a single pair 
of wires over long distances ; two pairs of wires only, 
using multiplex, can inform on the operating state 
of twenty-four monitoring points. The equipment 
was initially designed for monitoring airfield control 
lights but is applicable to many other types of installa- 
tion requiring monitoring of remote operations, such 
as hydro-electric schemes, continuous-process chemi- 
cal plants, signalling circuits and mines. 

The equipment uses transistors and operates at 
audio frequencies, with each transmitter and receiver 
unit tuned to their particular frequency. Each 
transmitter is located adjacent to a point to be moni- 
tored. Any operation of the equipment being 
monitored can be arranged to switch the associated 
transmitter. The particular signal frequency will 
then bring into operation the relevant receiver at the 
control end, thus indicating some change in operating 
conditions of the remote equipment. Similarly, 
simple indicator “devices can show the safety factor 
in coal-mine tunnelling by means of transducers 
inserted between a pit-prop and the roof. These 
can give rapid indication of variations in strain and 
thus provide ample preliminary warning of possible 
danger. 


RECTIFIER DEVICES. 

Several devices recently developed by Salford 
Electrical Instruments Limited use the characteristics 
of germanium rectifiers to improve performance and 
to economise in size and weight. The high efficiency 
of this form of rectifier contributes to good regulation, 
and a new stabilised rectifier unit with GEX541 
rectifiers and transductor control provides an output 
which remains constant within +-0-1 per cent over the 
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full load output current range from zero to full load 
for variations of -+-6 per cent in the input voltage. 
The unit has been designed to meet the need for a 
highly stabilised supply at work benches to which 
power has to be distributed over long cables and may 
be used by operators engaged on different duties. 
The main unit, containing a three-phase, 415 V trans- 
former, contactor, transductor and filter circuit is 
mounted on a trolley and equipped with 30 ft. of 
flexible cable. The rectifier consists of 30 germanium 
diodes connected in a three-phase bridge circuit. 

A control box, which stands on top of the main unit 
when not in use, is connected to the remote end of the 
cable and is placed on the operator’s desk. A potentio- 
meter in the control box is adjusted for the desired 
output voltage, and the actual terminal voitage is 
compared continuously with this pre-set reference. 
Any discrepancies are magnified by an electronic 
amplifier, and applied to the control grids of two 
power tetrodes supplying the d.c. control winding of 
the transductor in the main unit. The output is con- 
tinuously variable from 20-30 V at 0-75 A. 

In order to protect the germanium rectifiers from 
overloads, a more rapid action is necessary than would 
be provided by a circuit breaker or fuses. The unit 
therefore incorporates a trigger circuit which, on the 
occurrence of an overload exceeding approximately 
100 A, instantaneously biases the power tetrodes in the 
transductor control circuit so that the current through 
the main winding is restricted to 3 A even on a direct 
short circuit. Normal operation is not resumed until 
the supply has been switched off and restored. 

An example of the economy in size made possible 
by the use of germanium rectifiers is provided by a 
newly developed unit equivalent in its capacity and 
applications to the battery superseder, but of only one- 
third the size, and twice the power rating. The recti- 
fiers are connected in a single-phase bridge circuit 
and provide outputs up to 12 A at 12, 24, 36 or 48 V. 

A further interesting development in rectifier appara- 
tus has been a new float charger to meet the require- 
ments of the British Post Office for maintaining the 
charge of telephone exchange batteries without the 
need for supervision. The desired charging character- 


istics have been obtained by ferro-resonant technique 
emploving the latest types of magnetic materials. 


HAZEL GROVE FACTORY. 

A factory for the production of semi-conductor 
devices was brought into operation by Salford Elec- 
trical Instruments Ltd. at Hazel Grove, near Stock- 
port, Cheshire, in April, 1956. By the end of the first 
year appreciable quantities of transistors, small silicon 
diodes and medium power germanium diodes had 
been delivered. The transistors were of the lower 
frequency types in ten varieties. The small silicon 
diodes were in four types with ratings up to 100 mA 
and voltages up to 120 V, and the medium power 
diodes were provided as separate units or in a wide 
series of finned stacks. 

This new establishment has been able to draw on the 
skills already available, the techniques required in the 
manufacture of quartz crystal units, magnetic materials 
and synthetic sapphire being applicable to semi- 
conductor production. The factory itself, previously 
belonging to the Ministry of Supply, was conveniently 
arranged for conversion to its new purpose. An 
existing tool room has been extended, a model shop 
installed, and the rest of the factory equipped by the 
S.E.I. staff to meet the specifications laid down by the 
Research Laboratories, where the pre-production of 
semiconductor devices has been carried on. 

The site, buildings and new facilities at Hazel Grove 
are planned to provide an output of some millions per 
annum of a wide range of semi-conductor devices in 
the transistor and in the low and medium power 
rectifier fields. Applications and developments within 
the G.E.C. have increased the demand for semi- 
conductor devices for carrier-current telephony 
systems for rural areas, transistorised receivers, tele- 
communications equipment and guided missile develop- 
ment. 

Semi-conductor devices are particularly important 
for these applications by reason of their small size, 
robust construction, long life and low battery utilisa- 
tion. Supplies to other manufacturers and to Govern- 
ment departments will soon be increased as a result of 
these new facilities at Hazel Grove. 
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PROCESS HEATING. 
ELECTRICAL FURNACES. 

The general trend, noted last year,* towards larger 
and fully automatic installations, dictated by the 
need for greater production and the shortage of 
skilled operators, continues. Mechanisation and auto- 
matic control are being applied not only to the hand- 
ling of charges and furnace temperatures but also 
to the duration of heating and cooling cycles and to 
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Fig. |.—Continuous 65 kW pusher furnace. 


the generation and supply of controlled atmospheres. 
Safety devices to protect the equipment are also of 
increasing importance. 

Again, as last year, furnaces for metallurgical 
applications and using vacuum techniques are promi- 
nent in the year’s progress. One example is a new 
design of continuous 65 kW pusher furnace (fig. 1) 
for pre-sintering tungsten carbide tool tips, which 
has been supplied to Firth Brown Tools Limited. 
The single unit is encased in polished stainless steel 
sheet and reaches temperatures up to 1,000 deg. C. 
The tool tips are pre-sintered in a hydrogen atmo- 
sphere and, for this reason, the furnace is fitted with a 


* G.E.C. Journal, Vol. 24, p. 36, January, 1957. 


gas-tight, stainless steel muffle, 18 ft. long. The 
heating chamber, 8 ft. 6 in. in length, is heated by 
nickel-chromium elements arranged in three zones 
each with its own automatic temperature control and 
recording gear. The zoning allows a suitable tempera- 
ture gradient to be set up and maintained through 
the furnace, thus reducing the initial heating rate. 
Similarly, the cooling chamber, 7 ft. in length, cooled 
by means of a water jacket, reduces the temperature 
of the charges sufficiently 
for them to be handled 
when they reach the exit 
door. The charges are 
passed through the furnace 
in heat-resistant “ boats ” 
driven by a pusher arm 
moving at speeds between 
} in. and | in. per minute. 
As the arm nears the limit 
of its travel an audio signal 
is given, telling the operator 
that a charge is ready to be 
removed and a new one 
inserted. 

Increasing interest in 
vacuum treatment has led 
to the design and installa- 
tion of more vacuum fur- 
naces. Fig. 2 shows the 
vacuum sintering furnace 
recently installed in the 
B.S.A. Group Research 
Powder Metallurgy Labora- 
tory at Small Heath, 
Birmingham. 

The sizes and ratings of 
vacuum furnaces are now 
being standardised. Stan- 
dard furnaces will include 
a laboratory unit and the smaller types of production 
units. The former will be quite compact, having 
working dimensions 3 in. in diameter and 6 in. in 
height. The latter are intended for applications 
such as silver soldering, brazing of heat-resisting 
alloys and the sintering of hard metals, heat-resisting 
alloy compacts and cermets. These furnaces can 
also be used for small scale annealing of titanium 
and zirconium. The larger types of furnaces for 
production work, not yet included in the standard 
ranges, will continue to be supplied as required. 

A large demand still exists for low temperature 
ovens, in spite of the widespread use of radiant heating 
equipment. The processes for which they are used 
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Fig. 2.—Vacuum sintering furnace for B.S.A. Group. 


are sO numerous that in nearly every case the oven 
has to be provided with special features secured by 
adaptation of the basic design. A notable example 
of this is a degreasing oven supplied to Sierra Leone 
for use in the diamond industry. At one stage in 
the process the diamonds have to be recovered from 
a greasy base, and fig. 3 shows the special features 
of the oven necessary to accomplish this. These 
relate mainly to the provision of heating at several 
points in order to keep the grease flowing freely at 
all stages. 

An improved form of continuous tunnel oven 
has been developed and put into service at Parkhall 
Pottery Limited, for the combined biscuit and glost 
firing of low tension precision electrical porcelain. 
Each oven is 35 ft. in length, with a cross-section 
18 in. by 11 in. Power rating is 53 kW per oven. 
Rails are laid through the interior, so that the ware, 
which is “open set”, can be carried on trucks. 
These are propelled automatically, and each passes 
through the heating and cooling zones in 11 hours. 

A working temperature of 1,200 +5 deg. C. is 
maintained in the hottest part of the oven. Some 
waste heat is recovered from the fired ware, by arrang- 
ing that the flow of air through the oven is in the 
opposite direction to the movement of the trucks. 
Power is further economised by utilising heat from 
the oven to dry ware prior to firing, while it is carried 
on a conveyor which moves around the ceiling of the 
oven room. 


The cost of power consumption in this design of 
oven is 0-6 pence per pound of ware fixed. This 
figure is comparable with the fuel cost for coal-fired 
updraught ovens, but the new electrical type needs 
only about half the amount of labour. There is 
also a much closer control of the firing process, the 
firing cycle is much shorter and the capital cost of 
the equipment is lower than that of coal-fired ovens 
with their necessary auxiliary buildings. 


HYGIENIC DESTRUCTION. 

The use of electrical heating in cremation and 
incineration is developing. The main technical 
feature of incinerators in general is that the tempera- 
ture in the combustion chamber rises beyond that 
provided by the heating elements, which then have 
to withstand the additional heat of combustion. For 
this reason solid elements operating at a low voltage 
are used. Units designed for incineration purposes 
include those used in cremation and the G.E.C. is now 
the sole supplier of electrical cremators in Great Britain. 

Doubts about the use of electrical instead of gas- 
fired cremators have been dispelled by the record 
of service of units which have been in operation 
for some years. One of the most modern crematoria 
is that opened at Swansea in October, 1956, which 
is equipped with two cremators. Each of these is 
fully automatic and provided with temperature 
controls, indicators and recorders. Particular atten- 
tion was paid in the design to conserving heat by 
heavy insulation, thereby keeping to a minimum the 





Fig. 3.—Diamond degreasing oven supplied to Sierra Leone. 
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power needed to bring the furnaces to working 
temperature. 

Each cremator is rated at 60 kW. The low voltage 
elements are fed from a double-wound stepdown 
transformer and are fitted in double-walled chambers 
outside the actual cremating chamber, which is 
tightly sealed and maintained at negative pressure. 
The element chambers are maintained at positive 
pressure and are used also for heat recuperation, 
while their temperature is automatically controlled. 

Two types of incinerator are supplied for the 
destruction of sanitary towels. Both are automatic 
units ; the smaller one, intended for use in homes 
and small factories, the other and larger unit for the 
larger factories. Another type of incinerator has 
been designed for the destruction of paper and docu- 
ments. In every case the use of the solid rod element 
is important in ensuring continuous and efficient 
service. 


HIGH FREQUENCY HEATING. 

The expansion of facilities for higher technological 
education requires that Technical Colleges and 
Universities should provide suitable modern equip- 
ment for the training of the metallurgists now required 
in ever-increasing numbers for advanced fields of 
work in atomic energy, aeronautics and electronics. 
One useful piece of equipment is a high frequency 
installation. A generator with an output of 25 kW 
has been installed at Nottingham University and a 
smaller unit of 7 KW output, complete with a melting 
furnace table, has been supplied to King’s College, 
London. With such equipment it is possible to 
heat specimens very quickly. Thus, where only 
routine demonstrations are required, it is not necessary 
to start the generator before the lecture begins, while 
for general experimental work the 25 kW generator 
has adequate power in hand. A recent development 
in high frequency heating is the use of a flexible 
cable to take the output from the set to the work 
position or to a hand-held coil. An arrangement 
of this kind is illustrated in fig. 4. 

The range of modern high frequency generators 
has been extended by the introduction of an 8 kW 
dielectric heater and an 18 kW induction heater. 
The 8 kW generator is a compact unit, occupying 
less than 6 sg. ft. of floor space, designed to give 
long and trouble-free service when in constant use 
in exacting industrial conditions. It operates at 
approximately 20 Mc/s and is suitable for all dielectric 
heating applications, including glue setting, rubber 
pre-heating, and foundry core drying. Incorporated 
with the generator is a load control which varies the 
coupling between the output and tank circuits. 

The 18 kW induction heater is a versatile unit 
occupying less than 11 sq. ft. of floor space, and 
providing sufficient power for surface hardening 
applications and for brazing heavy sections. A 
power output control, which adjusts the impedance 
matching of the load, allows optimum conditions to 
be selected for a wide range of applications, thus 


ensuring maximum valve life and efficiency. The 
work coils are easy to make and to interchange, and 
the tank circuit has a high kVA rating, allowing the 
full power available to be applied to very difficult 
loads. It operates at approximately 500 kc/s and 
consumes some 36 kW for the full 18 kW output. 


WELDING. 


A series welder has been developed to enable the 
joining of two sheets of metal to be carried out from 
one side. This “ poke ” welder was produced particu- 
larly for the aircraft industry to facilitate the welding 





‘oon ae 


Fig. 4.—7 kW induction heater with flexible connection to the 
working position. 


of assemblies too large or too complicated to be accom- 
modated in the normal welding equipment. The poke 
welding attachment has flexible cables with terminals 
at one end for connection to the welding machine. 
At the other end is a Paxolin cylinder carrying two 
electrodes mounted side by side. In operation the 
cylinder is held in one hand, the electrodes are pressed 
upon the metal to be welded, and two welds are 
effected simultaneously by the operation of a press- 
button switch. The attachment has a wide range of 
applications, including the welding of stainless steel 
sheets for aero gas turbine engines and the spot welding 
of furnace linings, tubes and canisters made from very 
thin sheets of ferrous or non-ferrous metals. 
Condenser welders have been designed and supplied 
for the welding of motor overload control units. 
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These welders are particularly suitable for short 
welding times on fine wires and special alloys where 
long heating times could affect the metal structure. 

In the sphere of argon arc welding, zirconiated- 
tungsten welding electrodes have been developed. 
They show higher emissivity and current carrying 
capacity with less transfer of tungsten, and the life 
of the electrodes has been increased tenfold. 


INFRA-RED HEATING. 
Several installations have been made of the type 


of infra-red heating equipment mentioned last year,* 
which is used for “setting” man-made textiles. 








Fig. 5.—Nylon ‘* setting ’’ equipment at W. E. Saxby (Nottingham) Ltd. 


The chief technical problem to be met in this appli- 
cation is the need for special temperature control, 
quick in action and capable of a fine degree of adjust- 
ment. A typical example of the advances which 
have been made in these features is provided by the 
nylon setting installation at W. E. Saxby (Notting- 
ham) Limited (fig. 5), which uses two heating panels, 
each 3 ft. 4 in. long, providing a total heated space 
6 ft. 8 in. long and 7 ft. 10 in. wide. Sheathed wire 
elements are used, with a reflector in the rear. These 
are arranged at a slight angle to the direction of 
movement of the fabric in order to avoid any “ streak- 
ing” of the material. The total loading is 60 kW. 
The loading is slightly higher at the sides of the panels 
to off-set the greater cooling at the edges of the 
material. The panels are suspended from a floor- 
mounting stand, with counter-weights. An electro- 
* G.E.C. Journal. Vol. 24, p. 64, January, 1957. 


magnetic safety device ensures that the panels are 
raised to a safe height should the fabric stop moving. 

During the heating process the fabric temperature 
rises rapidly, at a rate of up to 20 deg. C./second, 
and it is important, therefore, that the process time 
and the oven temperature are held within fine limits. 
The heating time is dependent on the conveyor speed, 
which in turn is held reasonably constant by the 
drive motor. The oven temperature is controlled 
by a thermocouple attached to a small metal foil 
plate situated close to the heating element. The 
signal from the thermocouple is fed to a temperature 
controller, with a control sensitivity better than 
+1 deg. C., which switches the oven between two 
heat levels, one above and 
one below the control point. 
The temperature of the 
fabric is held within +-8 deg. 
C., a tolerance found in 
practice to be satisfactory. 
The time of treatment of any 
part of the fabric varies from 
10 sec. for material weighing 
2 to 4 ounces per sq. yd. 
up to some 26 sec. for fabric 
of 10 to 12 ounces. Equip- 
ment such as this now enables 
the weaving firms to process 
for themselves the materials 
which they were previously 
sending out for heat-setting 
and proofing. 

A quartz tubular lamp has 
been developed to provide a 
high intensity source of 
radiant heat. The 1 kW 
unit is about 13 in. long and 
} in. in diameter. The lamp 
is rated at 100 watts per 
inch, at which rating the life 
is about 5,000 hours. Groups 
of these lamps have been 
used where very rapid drying 
(for example, printing inks) 
is required. At least 70 per cent of the output is 
available within one second of switching on and the 
rapid response to changes in supply voltage, in com- 
parison with ordinary tungsten filament lamps or 
carbon rods, makes the unit particularly useful in such 
applications as the testing of aircraft surfaces in 
conditions arranged to simulate supersonic flight. 


SPACE HEATING. 

A complete new range of unit heaters is now in 
production with ratings from 3 to 20 kW. Cylindrical 
in shape, and of improved appearance, they are 
designed to operate in free air and can be tilted to 
adjust the direction of airflow downwards to a maxi- 
mum of 40 deg. to the horizontal. Protection against 
overheating is provided by a Klixon cut-out which 
switches the heater off should there be any inter- 
ference with the flow of air. 
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INFRA-RED PAINT STOVING 


Above : Stoving the paint on ‘* Dinky Toys ’’ with infra-red plant at the 
Speke factory of Meccano Ltd. 


Left : Infra-red paint stoving plant for treating 40-gallon oil drums at a 
Calcutta factory. 














Infra-red plant is installed for hardening paint on the agricultural machinery manufactured at the Uttoxeter works 
of Bamfords Ltd. 
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New overhead radiant heaters have been introduced 
which, while similar in appearance to those marketed 
last year, have a narrower beam and provide more 
concentrated heating. The older models were de- 
signed for the general heating of large areas, while 
the newer ones allow for selective heating at a particular 
point, for example, the packing counter in a store 
room. These heaters are available in 1-5 kW and 3 
kW ratings. 


BOILING PLATE. 

A new radiant boiling plate has been introduced 
in which a deep dish coated with a special high tem- 
perature vitreous enamel replaces the more usual 





\ 


Fig. 6 (above).—New radiant boiling plate with deep, vitreous 
enamelled dish. 


Fig. 7 (right ).—Lillehei bubble oxygenator at Guy's Hospital, London. 


aluminium reflector (fig. 6). Higher loadings have 
been made possible, the 8 in. diameter plate being 
rated at 2,350 watts and the 6} in. diameter plate 
at 1,300 watts. Boiling times have been reduced 
by up to 20 per cent. 


MECHANICAL HEART. 

Successful heart operations using a bubble oxygen- 
ator of the Lillehei pattern have been performed at 
Guy’s Hospital. During the operation this machine 
actually takes over the functions of the heart in 
pumping, purifying and recirculating the blood- 
stream. The apparatus has been built by the Guy’s 
Hospital Thoracic Research Unit and the heating 
equipment necessary to keep the blood at normal 
body temperature was designed and supplied by the 
G.E.C. (fig. 7). 

The equipment is contained in a “ Perspex” tank 
holding 9 gallons of water which is kept at a constant 
temperature of 98-6 deg. F. by a special element 
controlled by a hot wire vacuum switch. It is vital 
to have the temperature very precisely controlled 
because the tank also contains the 12 ft. spiral of 
translucent tubing through which the blood is pumped 
during its artificial circulation. The rate at which 
blood is taken away from the body and circulated 


“ 


back to it must be carefully balanced and constant, 
and there must be no fluctuations in temperature. 
The 750 W heater element is located concentrically 
in a nickel-plated copper sheath. It is 100 in. in 
length and is wound in a spiral so as to give uniform 
heating throughout the tank. The heater is switched 
on some appreciable time before an operation so that 





any initial overshoot of temperature, arising from the 
heat storage capacity of the element, is corrected 
and the thermostat is then enabled to gain complete 
control of the temperature within the tank. 


RETRACTABLE AEROFOIL FANS. 

A simplified method of making axial flow fans fully 
accessible for servicing has been introduced by Woods 
of Colchester. 

The principle of the Maxcess swing-out casing has 
been applied to standard Aerofoil fans by means of 
attachable hinged mounting fittings supplied as an 
extra. These comprise plates which are bolted to the 
fan flanges and which pivot on support brackets. The 
fan is joined to the ducting by canvas connectors. 

Upon the removal of the flange fixing bolts, the fan 
can be swung out through 120 deg. on the support 
brackets. Full accessibility to the motor and impeller 
is thus provided. Ease of alignment is afforded by the 
flexibility of the canvas connectors. 


NEW FAN DAMPERS. 

New designs of dampers have been developed for 
Woods aerofoil fans. These are offered in three types : 
hand-operated, motor-operated, and air-operated. 
Basically of the butterfly type, they incorporate an 
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arrangement for pivoting the flaps which differs from 
the conventional. Instead of being carried on spindles 
located centrally in the casing, the flaps turn on pivots 
situated at about one-third along their width. This 
provides a more balanced movement, ensuring that the 
air-operated type is opened and closed readily by low 
air velocities and pressures. 

The air-operated type is opened by the fan draught 
and closed by back pressure. The hand-operated 
version has a linkage and worm gear which enables the 
flaps to be set at any position, the setting remaining 
stable against loads imposed by air pressure. The 
motor-operated type has cranks for linkage to a 
damper motor. 

With the flaps fully open, the loss of fan performance 
will be within the 5 per cent tolerance in volume at 
constant system resistance allowed by Test Codes. At 
the closed setting the volume will be reduced to less 
than 10 per cent of normal. 

Both types are available in six sizes from 15 in. to 
48 in. dia., the fixing flanges of the casings coinciding 
with those of Aerofoil fans. 


CEILING FANS. 

In certain of the markets for ceiling fans, customers 
are more concerned with first cost then with maximum 
fan efficiency. To meet this demand, a new range of 
ceiling fans has been designed with blades having 
sweeps of 36, 56 and 60 in. The aluminium squirrel 
cage rotor is cast integrally with one end bracket, and a 
simplified construction of stator winding has been 
adopted. Capacitor-run motors with ball bearings are 
fitted, and the small overall size is such that fans can 
be installed by one man. 


HAIR DRYERS. 
One of the most recent additions to the Company’s 
range of domestic appliances is the a.c. hair dryer 
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(fig. 8) using a squirrel cage driving motor. Although 
this type of motor requires somewhat more space than 
an a.c. commutator motor, a symmetrical and pleasing 
appearance has been preserved. 

A novel and patented bearing construction simplifies 
assembly and enables the complete mechanism to be 





Fig. 8.—Hair dryer with squirrel-cage motor. 


mounted rigidly on one half of the casing. A patented 
fuse arrangement protects the user in the event of 
mishandling or the occurrence of an internal failure 
of any kind. The dryer is notable for its silent running, 
and the combination of light weight and good balance 
make it very convenient to use. 
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Research 


This section contains items from the Research Laboratories programme 
that have not been covered elsewhere in this Progress issue. 


LAMPS AND LIGHTING. 
LAMPS. 
Incandescent Lamps. 

The introduction of the coiled-coil gas-filled 
tungsten filament lamp in 1934 represents the last 
major technical advance in the performance of these 
light sources. Nevertheless, as the curve of fig. 1 
shows, there has been a steady upward trend in 
efficiency performance since this time. This has 


by the need to make rapidly, during manufacture, a 
hermetic seal in the glass pumping stem of the lamp 
as it is removed from the pump. Pressures in the 
lamp greater than 1 atmosphere at this stage cause 
the seal to “ blow out ” and render sealing impossible. 

Nevertheless, recent experimental work has shown 
that worthwhile performance gains can be obtained 
in both coiled-coil and single coil lamps by filling to 
pressures (measured when the lamp is cold) some 
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Fig. |.—Improvement in efficiency performance of the high volt 100-watt gas-filled tungsten 


filament lamp from 1934 to 1955. 


been brought about by detailed changes in design 
and manufacture, made as a result of painstaking 
research and development studies. Fig. 1 shows, how- 
ever, that in spite of a sharp increase in performance 
following the static level of the war years, there is an 
overall slowing down in the rate of rise of performance. 

This is to be expected, since an increase in luminous 
efficiency requires an increase in filament temperature, 
and evaporation limits the temperature at which 
tungsten can be operated for long periods. However, 
it is well known that evaporation is reduced by in- 
creasing the pressure of the gas filling. In recent 
years, filling pressures have steadily increased to 
values close to 1 atmosphere, at which they are limited 


100 to 200 mm. Hg. above 1 atmosphere. This 
now seems to be the most promising line of advance 
if the curve of fig. 1 is to continue to rise in the future. 
Only modest values of pressure above 1 atmosphere 
are envisaged, since it is essential that in the event 
of a lamp being broken there should be no appreciable 
explosion. A lamp filled to a pressure of 100 to 200 
mm. Hg. above | atmosphere is just as safe as, for 
example, the 15 W or 25 W vacuum filament lamp 
in everyday use. 

The major problem in this development is to seal 
the pressurised lamp without the use of costly materials. 
For the relatively low pressures mentioned, a new 
technique is in an advanced stage of development. 
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A limited region of the glass stem is heated to a pre- 
determined viscosity and instantly squeezed between 
a pair of jaws to produce a hermetic closure before 
the glass has time to be blown out by the internal 
pressure. 

Another technique, which is effective up to much 
higher pressures, consists of fixing a thin copper 
sheath over the stem at the sealing point. The stem 
is heated through the copper sheath and when the glass 
has become molten both stem and sheath are sheared 
through and a small copper ferrule is left covering 
the tip of the stem. The sheath, having a higher 
melting point prevents the glass stem from blowing 
out during heating. This technique uses extra 
material and is only likely to be used for more costly 
lamps, but it has already made possible considerably 
improved performance from experimental projector 
lamps and is likely to be employed in production 
in the near future. 

The possibility of making tungsten lamps of very 
small linear dimensions is one which has always 
attracted the lamp maker. Little success has been 
achieved, mainly owing to intense blackening of the 
envelope. This field has recently been stimulated 
again by the successful marketing, both here and in 
America, of an infra-red source consisting of a tung- 
sten filament mounted in a tubular quartz envelope. 
The device is filled with argon or a mixture of argon 
and nitrogen in the usual way. Used as a heat source, 
the filament is operated at about 2,500 deg. C. and, 
therefore, does not behave efficiently as a light source. 
Operated at increased wattage loading to give a 
filament temperature of, say, 3,000 deg. K, the lamp 
becomes an efficient light source, but its use as such 
is limited by rapid blackening of the envelope. 

Research to prevent blackening has made con- 
siderable progress both here and in the U.S.A. The 
general approach to this problem has been the search 
for a substance which, when introduced into the 
lamp, will react with the evaporated tungsten on the 
interior wall of the quartz tube but will not attack 
the filament itself. 


High Pressure Mercury Vapour Lamps. 

Research work has been concentrated on methods 
of improving the colour of the light from the H.P.M.V. 
discharge. Experimental lamps have been made 
with colour rendering properties close to those of 
the colour matching fluorescent tube. This result 
has been obtained in quartz lamps of 400 W rating 
at a luminous efficiency near to 40 lumens per watt. 


Phosphors. 

It has been found that particle size classification 
of halophosphates enables higher efficiencies to be 
obtained by reducing depreciation of phosphors 
during lamp making. The results of this investiga- 
tion are now being applied in production. 

The percentage quantum efficiency of a phosphor 
is a measure of the number of quanta of luminescent 
radiation emitted by the phosphor for each 100 
quanta of ultra-violet radiation absorbed. A reason- 


able assessment of the quantum efficiencies of most 
of the standard phosphors has been made, following 
a study of the various methods of measurement. 
Development of photoconducting cadmium sulphide 
for use in various photo-sensitive devices has resulted 
in improvements in the sensitivity of these materials. 


LIGHTING. 
Visibility on Roads and in Vehicular Tunnels. 


A new approach has been devised to the study 
of visibility in lighted streets, one purpose of which 
is to ascertain whether the best modern street lighting 
succeeds in giving to the driver all the information 
which he needs, and which he receives in daylight. 
Studies are being made on a circuit of roads, 12} miles 
long and lighted to a high standard, of the mechanism 
by which details and objects are seen both by daylight 
and by artificial light, and in wet and dry conditions. 
Studies are also made of the objects at which the 
driver looks while driving, and of his precise reactions 
to what he sees. This method promises to reveal 
more about the functioning of street lighting than 
can be found from a study of accident statistics, 
and it has attracted attention internationally. 

The lighting of vehicular tunnels by day is one 
of the unsolved problems of illuminating engineering. 
Studies have been made of tunnels in this country 
and abroad ; new theories have been devised, and 
model and full-scale experiments have been made, 
with special reference to the main vehicular tunnel 
at London Airport. Some of the recommendations 
which have been made for tunnel entrances have 
been adopted in new tunnels in Belgium. The 
principal difficulty lies in making entry into a tunnel 
safe in bright daylight, and a promising method is 
being studied using louvres of retroreflecting material 
in the mouth of the tunnel. 


TELECOMMUNICATIONS. 
TROPOSPHERIC SCATTER PROPAGATION. 

Tropospheric scatter propagation is a term given 
to a recently exploited method by which radio com- 
munication can be established beyond the line of 
sight with great reliability. 

Hitherto, all long-distance radio communication 
has been attained either by the use of intermediate 
relay stations providing a number of line-of-sight 
links, or by using the properties of ionised layers 
at a great height to reflect the signal to the required 
position. However, the first alternative is not always 
possible owing to geographical conditions. The 
second is attainable only over a comparatively narrow 
band of frequencies which varies with the time of 
day. This band is already overcrowded with stations 
and interference is common. Most seriously, there 
is sometimes complete loss of signal over long periods 
when fading conditions are severe. 

Tropospheric scatter systems can be used over 
a frequency band between about 100 Mc/s and 
10,000 Mc/s. The transmitter radiates a concen- 
trated beam almost tangentially to the earth’s surface 
in the direction of the receiver. Scattering of the 
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energy in this beam takes place in the troposphere 
along the path causing a very small portion of the 
transmitted power to reach the receiver. This 
received signal is characterised by a rapid fluctuation 
of amplitude superimposed on slower variations. 
The rapid fluctuations are produced because the 
signal at any moment is the resultant of a large number 





Fig. 2.—Experimental scatter propagation receiving station. 


of scattered signals which, owing to differing path 
lengths involved, have random phases ; the slower 
variations show some dependence on weather con- 
ditions. 

Because the signal which reaches the receiver is 
of such low strength, a tropospheric link requires a 
high power transmitted beam and a sensitive receiver. 
Paraboloid reflecting type aerials produce concen- 
trated directional beams but their size becomes very 
unwieldy for frequencies below about 2,000 Mc/s. 
It was not until comparatively recently that develop- 
ments in valves enabled sufficiently high power to 
be obtained to make the U.H.F. tropospheric link a 
commercial proposition. 

The Wembley Laboratories have been engaged for 
several years on a study of tropospheric propagation 
at frequencies between 1,000 and 10,000 Mc/s for 
Service departments and civil uses. In this connec- 
tion an experimental single-channel link at approxi- 
mately 3,500 Mc/s over a distance of 173 miles in 


Southern England has been in operation for nearly 
two years. Propagation data has been collected 
covering short and long term variations (diurnal and 
annual) and analysis of the results has provided 
information which can be used to predict the perform- 
ance of a point-to-point communication link over 
paths of comparable length. The rapid fluctuations 
are of such short duration, and are so dispersed in 
time, that they do not impair the intelligibility of a 
speech transmission over the link although they may 
represent, in total, several minutes in any one hour. 
The long-term variations, with suitable equipment 
design, need never result in loss of signal over an 
extended period. 

A second receiving station (fig. 2) has been estab- 
lished on an extension of the same path and is provid- 
ing data on transmission over nearly 250 miles. In 
addition, it enables the signal to be received simul- 
taneously at two points along the path. Comparison 
between the fading patterns obtained at both stations 
may shed further light on the actual scattering process, 
which at this stage is not fully understood. 

The link has also been used to demonstrate the 
advantages of space diversity reception, which involves 
the use of two or more aerials and receivers. If the 
aerials are spaced by more than about 60 wavelengths 
normal to the propagation path, the signals arriving 
at each will be substantially uncorrelated, hence it is 
unlikely that short duration fading will occur at 
the aerials simultaneously. By using suitable circuits 
it is possible to use the strongest signal from the 
outputs of the receivers and the effect of fading can 
be very much reduced. 

Current development work on links for civil use 
is concentrated in the frequency band 2,500 to 2,700 
Mc/s. This represents a useful compromise between 
frequencies at which atmospheric absorption becomes 
significant and those at which the aerial sizes become 
excessive. 

An experimental 5-speech circuit link has been 
running for several months over a path of 76 miles 
using a radiated power of only 30 watts. This link 
can also be used to demonstrate diversity reception 
and to assist in the development of transmitters 
and receivers with highly stable oscillators. A new 
water-cooled klystron having 30-35 dB gain and 
over 1 kW c.w. output power has been developed 
for this band. 

Future work in this field will be concerned with 
collecting information over links at different frequen- 
cies. A link at 10,000 Mc/s has been operating for 
several months and another at 2,600 Mc/s is expected 
to be in operation early in 1958. The possibilities 
for this type of radio link where line-of-sight links 
are unsuitable or uneconomic are great, although 
the maximum distance for reliable communication 
at present is limited by the available transmitter 
power to a few hundred miles. However, it is likely 
that tropospheric scatter links will supplement those 
employing relay stations and will provide good 
quality, multichannel voice and possibly television 
links. 
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MATERIALS. 


Photoconductive Materials for Telephone Switching and 
Telemetering. 


Photoconductive materials are being developed 
and applied to telephone switching and telemetering. 
They are characterised by a high electrical resistance 
in the dark and a relatively low resistance in the 
light, typical ratios of light to dark current being 
greater than 10,000 to one. 

In the telephone switching application a matrix 
of photoconductor cells is used in a punched card 
translater. The dialling of a number picks out a 
row of the matrix of cells and a series of outputs, 
i.e. a translation, is then obtained from the columns 
corresponding to holes in a card. The translation 
indicates the route which will switch the call to its 
destination. The advantage of such a translator 
is that routings can be changed by inserting fresh 
punched cards whereas, at present, soldered connec- 
tions have to be changed with the possibility of 
making wrong or bad connections. 


High Expansion Glasses. 


Research into new glass compositions has resulted 
in the development of durable glasses of high elec- 
trical resistivities and thermal coefficients ranging 
from 15 to 18 = 10° cm./cm./deg. C. These values 
are almost twice as great as those for normal soda-lime 
and lead glasses and they enable specific glasses to 
make matched glass-metal seals to nickel, certain 
heat-resisting stainless steels and to copper. Of 
particular interest is the copper sealing glass, C.S.G.3. 
Previously, glass-copper seals could only be made 
by using very thin copper members of special shape, 
so that stresses set up by the expansion mismatch 
could be relieved by slight distortions of the copper. 
The new copper sealing glass enables matched seals 
to be made with copper members of any size and 
reasonable shape. Thus, full advantage can be 
taken of the high electrical and thermal conductivities 
of this metal. Already C.S.G.3 copper seals have 
found application as insulators in many semiconductor 
devices. The new combination enables higher elec- 
trical power to be dissipated in the device than with 
conventional nickel-iron or iron-nickel-cobalt alloy 
to glass seals. Useful assemblies of components 
incorporating both copper and a stainless steel such 
as “ Staybrite F.D.P.” can also be made with C.S.G.3. 
C.S.G.3 is boron-free and advantage of this fact has 
been taken in the atomic energy field. 


SUBJECTIVE TELEVISION TESTS. 

Television signals are transmitted over coaxial 
cables by amplitude modulation of a 1 Mc/s carrier. 
Up to the present the depth of modulation used has 
been relatively low, about 40 per cent ; at this figure 
a simple theory makes it possible to calculate with 
reasonable accuracy the effect on the television signals 
of the harmonic distortion of the line amplifiers. 
However, in order to ease distortion requirements 


it is proposed, in carrier systems now under develop- 
ment,* to use a much higher depth of modulation, 
greater, indeed, than 100 per cent. Under these 
conditions the simple theory of the effect of harmonic 
distortion is no longer sufficiently accurate for the 
calculation of the performance of the system. 

In order to obtain a better understanding of the 
way in which harmonic distortion affects television 
pictures when this high depth of modulation is em- 
ployed, subjective tests were carried out at the Research 
Laboratories, with the aid of both technical and 
non-technical observers. The numerical values ob- 
tained from these tests showed that, when pre- 
emphasis (the shaping of the spectrum of the signal 
before it is applied to the transmission equipment) 
is not used, the simple theory overestimates the 
sensitivity of the average observer to this form of 
distortion by 7 decibels. When used, however, the 
sensitivity to third-harmonic distortion is 19 decibels 
greater than predicted by the simple theory. 

Pre-emphasis gives an improvement in signal-to- 
noise ratio as well as an improvement in harmonic 
distortion performance, but the tests showed that 
the subjective sensitivity to harmonic distortion is 
so high that it is doubtful whether it has a worth- 
while advantage. 


COLOUR TELEVISION. 


Experimental work on colour television has been 
continued with the objectives of observing the trans- 
missions in colour which the B.B.C. radiates from 
time to time and of advancing the techniques of 
colour reception. 

A new design of colour television receiver was 
completed at the Wembley Laboratories early in 
1957. This latest receiver marks an appreciable 
step forward in the simplification of circuits, although 
it is already clear that further simplification is possible. 
The power supply arrangements are similar to those 
used in modern monochrome receivers in that a.c. 
d.c. technique is employed, which avoids the weight, 
cost and stray flux problems of mains transformers. 
The receiver uses a total of 37 valves, but at this 
stage no special effort has been devoted to reducing 
the valve complement still further. In carrying out 
the simplifications, picture quality has been main- 
tained and still compares favourably with the picture 
quality given by the best monitoring equipment. 

Tests have been carried out satisfactorily under 
typical field conditions using a mobile laboratory, 
and operation on very weak signals, representing 
fringe conditions, has been studied. 

In the course of this work, attention has been 
paid to the problems which will face a viewer in 
controlling a receiver, and many subjective experi- 
ments have been carried out to determine the tolerance 
necessary in the different circuits of a colour television 
receiver. Some of this work formed a contribution 
to the Scientific Symposium on Colour Television 
held in Paris in July, 1957. 


* G.E.C. Journal, Vol. 24, p. 55, January, 1957. 
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SEMICONDUCTOR DEVICES. 

A desirable feature in the development of new 
semiconductor devices is the adoption of a generic 
design suitable for a range of such devices. The 
S$X641 silicon junction diode is an example of this, 
for the same construction is used in several low- 
current rectifiers with peak reverse voltage ratings 
from 60 V to 300 V, and in the EW77 and EW78 
diodes which perform quite different circuit functions 
from those of the SX641. 

The EW77 is a 6 V Zener diode. In this type 
of diode the reverse current that flows, at low values 
of reverse voltage, is extremely small. However, 
once the Zener voltage is reached the reverse current 
increases very rapidly and the slope resistance becomes 
very low. This “ breakdown ” of the reverse charac- 
teristics allows the device to be used as a voltage 
reference element since the breakdown voltage is 
substantially independent of ambient conditions. 
Zener diodes also find wide use in clamping and 
limiting circuits of various kinds. One interesting 
application that has been examined is their use in 
meter rectifier circuits. Ifa full-wave rectifier bridge 
circuit is used, the diodes behave as conventional 
rectifiers at low values of input voltage. However, 
once the input voltage increases beyond a certain 
value the Zener breakdown characteristic comes 
into operation and limits the signal that is actually 
applied to the meter. Thus this bridge rectifier 
performs the dual function of normal rectification 
and the protection of the meter movement against 
overloads. 

The speed of response of most semiconductor 
diodes is limited by an effect known as carrier-storage. 
This may be compared with the deionisation charac- 
teristic of a gas discharge device. During the year, 
considerable progress has been made in reducing 
the magnitude of this effect. The EW78 diode, 
for example, promises to be a useful tool for the 
design of high-speed pulse circuits of the kind used 
in digital computers and electronic exchanges. 

Development of a range of silicon diodes which 
can handle larger currents continues. A diode with 
an output current of 300 mA, in a half wave rectifier 
arrangement, will shortly be in production. Its 
applications will encompass most of the power supply 
requirements of small electronic equipment, including 
television receivers. 

The high rectification efficiency of semiconductor 
diodes permits their being made very small in size 
but there is a limit to this trend since almost all 
rectifier applications involve surge conditions which 
can prove catastrophic if the thermal capacity of the 
diode is inadequate. Study of the thermal problems 
is being assisted by the development of non-destruc- 
tive methods of testing and the use of electrical 
analogues in assessing the thermal characteristics of 
rectifiers. This programme is proving of consider- 
able value both in the design of the diodes themselves 
and in their practical application. 

Progress in transistors has been made in a number 
of directions. In the high power range, the GET7, 


GETS8 and GET9 transistors have been developed. 
With these, the thermal resistance between the 
internal assembly and the cooling fin has been reduced 
to a very low value, enabling considerable amounts 
of power to be dissipated in the transistors without 
resultant damage. Furthermore, they have been 
designed to have highly efficient emitter charac- 
teristics so that their current gains remain high up 
to high values of signal current ; indeed, the peak 
current rating of these transistors is 8 amp. 

One characteristic of most power transistors is 
that their frequency range is limited. Problems 
associated with high power and high frequency have 
often been treated separately but, with a better under- 
standing of the basic factors, efforts are now being 
made to increase both the frequency range of power 
transistors and the power range of high frequency 
transistors. The GET5 and GET15 transistors are 
forerunners in this development ; they are based on 
the improved thermal design used in the GET3 
series of transistors. 

An extensive study of the applications of power 
transistors has been made. The results of some 
of this work were published last year.* Of 
equal importance is the work on d.c. converters, 
inverters, power oscillators and amplifiers to drive 
instrument servo-motors. In these studies the indus- 
trial applications are now receiving somewhat more 
attention than those of the domestic electronics 
industry, a trend likely to continue in view of the 
potential contributions of transistors in industrial 
electronics. As with diodes, a sound knewledge of 
the thermal characteristics is vital when assessing 
performance and potentialities, and much of the 
work on diodes is now being extended to transistors. 

Perhaps the most important characteristic of 
transistors is their high degree of reliability, a major 
factor in equipments employing large numbers of 
electronic devices. Thus, engineers concerned with 
designing digital computers and electronic exchanges 
are looking on the transistor as one of their main 
tools. In most of these equipments there is need 
for at least two types of transistor. First, there 
is the low-current switching transistor which is 
required to operate in times that are small compared 
with a microsecond ; second, there is the high current 
switching transistor which should preferably be able 
to handle currents of up to an ampere. The latter 
type, however, need not be capable of switching 
quite as rapidly as the former. The GET10 trans- 
istor goes some way towards meeting the second 
requirement and it is already being used in the switch- 
ing circuits that drive magnetic-core storage systems 
in some experimental computers. 

The EW65 transistor has been developed both for 
high frequency amplifier applications and for high 
speed low current switching work. It is suitable for 
use in the high frequency stage of medium wave 
broadcast radio receivers and also in a number of 
telephone transmission applications. 


* Jones, D. D., and Hilbourne, R. A., Transistor Audio Frequency 
Amplifiers. Iliffe & Sons Ltd., 1957. 
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The Company has pioneered a new method—post 
alloy diffusion—for extending the frequency range 
of transistors. It is now being exploited in the 
EW69 transistor, whose frequency range is many 
times that of the EW65. Present experimental work 
on the EW69 indicates that this type of construction 
will eventually yield transistors that will be suitable 
for use in intermediate frequency amplifiers at fre- 
quencies of some tens of megacycles. 


CATHODE RAy TUBES. 
High Current Density Cathodes. 


An investigation has been made of emitters for 
use in cathode ray tubes as an alternative to the 
standard oxide coated cathode. Work has been 
primarily directed towards the nickel matrix cathode 
which is capable of operating at a current density 
of approximately 1-0 A per square cm. continuous 
rating. By using these cathodes, emitters of a 
very limited area have been obtained. This 
factor has contributed to the attainment of 
smaller fluorescent spots in cathode ray tubes. 


Mesh Grid Tube. 


The values of mutual conductance of all 
guns currently used in cathode ray tubes are 
such that approximately 30 V “drive” is 
required for 100 »A beam current. The 
application of a wire grid in contact with the 
modulator and extending over the conventional 
circular aperture, however, enables the modu- 
lator to exercise greater control on the beam. 
The “ drive ” voltage can thereby be reduced 
to about 3 V for a similar value of beam 
current. 


Improved Tube Performance. 


The constant demand in cathode ray tubes 
is for higher values of deflection sensitivity. 
This can be achieved by the following tech- 
niques : 

(1) Decreasing the spacing between the deflector 

plates ; 

(2) Increasing the length of deflector plates ; 

(3) Increasing the distance between the deflector 

plates and the fluorescent screen. 

The first of these automatically reduces the avail- 
able beam current. Work has, therefore, been 
directed towards controlling the beam angle emerging 
from the triode portion of the electron gun with the 
object of concentrating the beam into a smaller 
diameter. Some success has been achieved by 
introducing a pre-focusing lens before the main 
focusing lens. 


INSTRUMENTS AND TECHNIQUES. 
MICROWAVE REFLECTOMETER. 

With the gradual filling of the available microwave 
spectrum, it becomes necessary to have measuring 
apparatus which is increasingly versatile and covers 
larger frequency bands, The use of a backward 


wave oscillator, a valve capable of being tuned elec- 
trically over an octave in frequency, has made possible 
the design of a microwave reflectometer having a 
frequency ratio of the order of 2 : 1. 

This reflectometer enables the modulus of the 
reflection coefficient of any component to be displayed 
on a cathode ray tube over any desired frequency 
band within the normal coverage of the waveguide 
in use at the time. On this equipment aerials and 
connecting joints can be checked very rapidly for any 
resonance, and the optimum configuration for broad- 
band matching may quickly be achieved. At present, 
equipment is in use covering 2,000-4,000 Mc/s, 
6,000-8,000 Mc/s and 7,500-11,000 Mc/s. The 
main rack is common to all frequencies and the 
apparatus may be converted from one band to another 
by interchanging one panel and changing waveguide 
components. 
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Fig. 3.—Microwave cavity with specimens for dielectric measurement. 


MAGNETIC MATERIAL MEASUREMENT. 
Rapid Technique for Measuring Dielectric Loss in 

Ferrite Materials for Microwave Applications. 

The unique gyromagnetic properties of ferrite 
materials are increasing the use of these components 
in microwave communication equipments. Many 
individual properties of ferrite materials can affect 
the overall performance of such components. One 
of the most important properties is the dielectric 
loss, and for microwave materials it is essential to 
keep this low. 

The dielectric properties of ferrites depend upon 
frequency. Thus, all data must be recorded at the 
operational frequency. Unfortunately, conventional 
methods of measuring dielectric properties at micro- 
wave frequencies are not well adapted to the rapid 
evaluation of permittivity and loss tangent, and new 
techniques have had to be devised. These are based 
on measurement of the decrease in the resonant 
frequency and Q-value when a ferrite specimen of 
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suitably small dimensions is inserted in a resonant 
cavity. The volume of the specimen and the changes 
observed in frequency and Q enable the permittivity 
and loss tangent to be determined quite simply. A 
microwave cavity for dielectric measurements shown 
in fig. 3 has been designed to resonate at about 9-3 
kMc/s and the samples used in this cavity are cut to 
nominal dimensions of 15 mm. « 0-5 mm. « 0-5 mm., 
using diamond-loaded tools. 

This measurement technique is now being used to 
appraise materials prepared by controlled processing 
with the object of finding the conditions corresponding 
to the lowest dielectric loss for a particular ferrite. 
Its use is not, however, restricted to ferrites. Other 
insulating materials can be measured if suitably sized 
samples are prepared. 


Portable Low-Frequency Permeameter. 


In the course of research on magnetic materials, 
particularly ferrites, an instrument has been developed 
which measures the permeability of unwound toroidal 
specimens rapidly and accurately. The specimen 
holder forms, in effect, a single-turn winding con- 
nected in circuit as one arm of a bridge in which 
the lossy component of the impedance is neutralised. 
Since the impedance is very low, a heavy measuring 
current (up to 1 amp at 2:5 kc/s) produced by a 
2-watt transistorised oscillator is used. The out- 
of-balance current from the bridge is proportional 
to the susceptibility of the specimen and is fed to 
a transistor amplifier driving a meter. Thus, for 
specimens of standard size, a meter reading propor- 
tional to susceptibility is obtained. 

There is no upper limit to the permeability range 
of the instrument. The lower limit is at present 
in the region of 30. 


Ferrite Resonance Isolator for Coaxial Line Systems. 


In a waveguide isolator a piece of ferrite is placed 
in a region of the guide where a circularly polarised 
r.f. field is propagated. No such field exists in a 
coaxial transmission line, consequently artificial means 
must be used to produce one. 

Pieces of ferrite material are then placed in the 
circularly polarised r.f. field and a magnetic field 
of the appropriate strength to excite ferrimagnetic 
resonance is applied by an external magnet system. 
The stub lengths and the magnetic field strength 
are adjusted to obtain the preferred operating charac- 
teristics at the particular frequency used. 

In one arrangement the unit is constructed in 
620) 4 in. coaxial line. Reverse attenuations of 
about 20 db are obtained with a forward loss of less 
than 1 db. The small size of the units makes them 
particularly suitable for rack mounting as interstage 
isolators in transmitter circuits. Adequate isolation 
for this purpose is readily obtained over a bandwidth 
of about 50 Mc/s. 


R.F. MASS SPECTROMETER LEAK DETECTOR. 
An important requirement in the manufacture of 
complex valves is a means of detecting very small 


air leaks in the vacuum envelope before the valve 
is finally processed. The most effective instrument 
in use at present is the magnetic mass spectrometer 
operated with helium as probing gas. This spectro- 
meter has a discharge tube which gives a beam of 
ions in the vacuum system to which the valve under 
test is connected. A powerful magnet then causes 
the ions to follow semicircular paths whose radii 
are proportional to the square roots of the masses 
of the various ions. By placing a small collector 
at an appropriate position the helium ions only will 








Fig. 4.—Compact mass spectrometer tube for use as a leak detector. 


be collected, giving rise to a small current which can 
be observed by means of a sensitive electrometer. 
The valve under test can be enclosed in a polythene 
bag containing helium and any response of the ion 
current meter indicates a leak, which can then be 
located by probing with a small jet of helium. 

The Wembley Laboratories have been investigating 
an alternative method of sorting out the helium ions 
and have developed a simple compact mass spectro- 
meter tube which needs no heavy magnet. In this 
tube, shown in fig. 4, the gas is ionised by a dis- 
charge, and the resulting ions, after being accelerated 
in an electric field, pass through a series of equally 
spaced grids. These are connected alternately across 
a radio frequency generator with an output of about 
20 volts R.M.S. at 10 Mc/s. The helium ions 
traverse the gaps between grids during half a cycle of 
the radio frequency and are thus in an accelerating 
electric field in each gap. A repelling voltage applied 
to the ion collector can be so adjusted that only the 
helium ions have gained sufficient energy in the rf. 
field to reach the collector and thus cause an ion 
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current. In this way the helium ions are separated 
from others present, and the tube may be used as a 
leak detector. This tube offers some advantages 
over other types of mass spectrometer leak detectors 
and a more complete assessment of its performance 
is being made. 


TESTING OF ELECTRICAL CONTACTS. 

The investigation of contact welding, referred to 
last year,* has continued with the electromagnetic 
testing apparatus. The results are presented in the 
form of diagrams indicating the probability of occur- 
rence of welds of any given strength. Experiments 
with various contact materials confirm that, within 
the range of forces employed in thermostats and 
small switches, fine silver is the least troublesome 
from a welding point of view. Other possible contact 
materials remain to be tried. 

A series of experiments has been begun to obtain 
a quantitative measure of the significance of the 
mechanical conditions of contact operation in contact 
welding. An experiment using contacts fitted with 
shock-absorbing apparatus to reduce the amount 
of bouncing on closure has confirmed that bouncing 
is an important factor in contact welding. There is 
also an indication, from comparison of results obtained 
on different testing arrangements, that the means of 
application of the pulling-off force greatly affects the 
number of welds detected. 


SURFACE HARDENING OF CRANKSHAFTS. 

An interesting application of high frequency heating 
is in the induction hardening and tempering of the 
surfaces of crankshaft journals. A major problem 
has been the measurement and control of surface 
temperature during the heat treatment since, during 
heating, the journal rotates beneath a fixed coil 
carrying the high frequency current, and, immediately 
after passing the coil, the journal surface is subjected 
to an oil quench. It is necessary, therefore, to 
measure the temperature in the narrow zone between 
the coil and the oil quench. The presence of high 
frequency fields precludes the use of thermocouples 
or other metal probes and the fumes caused by the 
oil quench make viewing with the usual form of 
optical pyrometer uncertain. 

To overcome these difficulties a small thermopile 
has been developed which receives radiation from 
the heated surface of the steel by means of a short 
quartz rod. This rod reaches to within 0-030 in. 
of the hot surface so that the radiation reaching 
the thermopile is substantially independent of any 
smoke or oil spray that may be present. The output 
from the thermopile is indicated by means of a galvan- 
ometer, which may be located many feet from the 
process. 

The system is calibrated initially and in subsequent 
runs the power input to the workpiece is controlled 
by an operator according to the galvanometer reading. 

A more sensitive version of the same instrument 
is used to monitor the tempering process, in which 

* G.E.C. Journal, Vol. 24, p. 66, January, 1957. 


the workpiece is heated to a rather lower tempera- 
ture. 


X-RAY INVESTIGATIONS. 
** GRAPHITISATION ”’ OF CARBON BLACKS. 

The study of crystal growth processes in, and the 
graphitising potential of, carbon materials has been 
continued during the past year. Further measure- 
ments have been made by X-ray diffractometer on a 
variety of carbon blacks after heat treatment for 
different times and at various temperatures.' It 
has become increasingly evident that blacks vary 
widely in their response to heat treatment and do 
not fit into the hitherto accepted structure model 
which makes a sharp division between “ graphitising ” 
aud “ non-graphitising”’ carbons. The heat-treated 
blacks develop to various extents some measurable 
amount of three-dimensional register of carbon 
layers, and in this respect they are most closely 
analogous to the “ intermediate” coals. Any satis- 
factory model of the structure of carbon materials 
has therefore to account for a wide range of behaviours 
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Fig. 5.—Crystal growth of carbon materials as a function of 

temperature of heat treatment: La is average dimension of 

crystallites along hexagonal layer direction, L; is average dimension 
of crystallites normal to hexagonal layer direction. 
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influenced by such factors as micro-porosity, preferen- 
tial orientation, carbon content, particle size, and 
probably others. 

In fig. 5 values of the crystallite dimensions deter- 
mined on a range of heat-treated blacks are compared 
with previously published curves for “ graphitising ” 
and “ non-graphitising” carbons. It is apparent 
from this figure that the blacks are of intermediate 
character. 


STRUCTURE CHANGES IN MAGNETIC OXIDES. 

Magnetic or electrical ordering effects which are 
produced on cooling antiferromagnetic or ferroelectric 
crystals through some critical temperature are often 
associated with significant changes in crystal structure. 
X-ray studies of these structure changes can be 
made, using high- or low-temperature cameras, and 
are invaluable in interpreting the magnetic or dielec- 
tric mechanisms involved. 

Recently, interest in magnetic compounds has 
centred chiefly on members of the solid solution 
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Fig. 6.—The structure cell dimensions of FeCr,0, as a function 
of temperature, showing the structure change at —90 deg. C. 


series between magnetite, FeFe,O,, and ferrous 
chromite, FeCr,O,. Such solid solutions are con- 
veniently represented by the general formula 
FeFe,_,Cr,O,. Many of these compositions, 
although possessing spinel-type cubic structures at 
room temperature, as do many ferrites, have now 
been shown to distort tetragonally or orthorhombically 
on cooling to liquid-air temperature (i.e. — 183 deg. 
C)*. The most striking changes are displayed 
by compounds for which x lies between 0-8 and 2:0, 
and have been followed in detail over a range of 
temperatures for several such chromites, using the 
gas-cooling method described in the previous article. 
The results obtained for pure ferrous chromite 
(x=2-0) are depicted in the graph of fig. 6, and 
show how the cubic structure becomes tetragonally 
distorted on cooling below —90 deg. C. 

A complete picture of the manner in which the 
low-temperature structure deformations in the iron 
chromites vary with composition has now been built 
up. The origin of such behaviour, however, is still 


largely a matter of speculation and a satisfactory 
explanation awaits the results of further experimental 
work. 


STRUCTURE CHANGES IN ZINC SULPHIDE AND RELATED 

MATERIALS. 

Last year* an investigation was reported which 
established a connection between the development 
of electroluminescence and particular defects in the 
atomic arrangement in zinc sulphide. Further studies 
concerning the influence of similar structure defects 
on photoluminescence have now been completed. 
These defects were induced by grinding sulphide 
phosphors of hexagonal structure and experiments 
were performed to examine the effects on zinc sulphide 
itself and on zinc cadmium sulphide solid solutions.* 

It was found that on grinding hexagonal zinc 
sulphide there is appreciable inversion towards the 
cubic form ; the stacking sequence of the layers of 
Zn-S tetrahedra changes by a disorder process so 


* G.E.C. Journal, Vol. 24, p. 77, January, 1957. 
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Fig. 7.—Luminescence brightness as a function of the percentage 
of hexagonal stacking remaining in zinc cadmium sulphide phos- 
phors after various times of grinding. 
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that some short-range cubic stacking emerges, the 
amount of change depending upon the time of grind- 
ing. With zinc cadmium sulphide solid solutions, 
the extent of the structure change for a given amount 
of grinding decreases as the concentration of cadmium 
sulphide increases. The energy differences between 
the hexagonal and cubic forms of zinc sulphide and 
cadmium sulphides, respectively, account for this. 

The brightness of photoluminescence of the phos- 
phors also decreases with grinding. The study 
has proved that some considerable part of the fall 
in brightness is associated with the structure disorder- 
ing process. It was found that for each composition 
the fall in brightness was related exponentially to 
the proportion of residual hexagonal stacking present 
(fig. 7). 
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behaviour of such a slurry under conditions simulating 
those likely to be met in a reactor. 


METHOD FOR MEASURING THE PENETRATION OF LIQUID 

SODIUM INTO GRAPHITE. 

As is well known, graphite is an excellent moderator 
in power reactors, and sodium possesses physical 
properties which make it an attractive coolant. It is, 
therefore, important to be able to measure the degree 
of penetration of liquid sodium into graphite since 
such penetration would affect the neutron economy 
of a “ Sodium-Graphite ”’ reactor system. 

The principle of an apparatus to determine these 
measurements is illustrated in fig. 8. Basically, this 
represents a density bottle from which helium is 
displaced by the materials to be examined. During 
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Fig. 8.—Measuring the penetration of liquid sodium into graphite 
(a) before, and (b) after penetration. 


NUCLEAR POWER. 
LIQUID METAL SLURRIES. 

In the field of nuclear power a new research project, 
sponsored by the Atomic Energy Research Establish- 
ment, Harwell, is the study of the properties of 
slurries or suspensions of thorium and uranium 
compounds in liquid metals for use in “ breeder ” 
reactors. In such reactors some of the neutrons 
produced by fission are used to produce further 
fissile material from fertile elements. Thus in one 
form of breeder reactor the fuel may be a solution 
of the fissile uranium isotope U*** in liquid bismuth, 
the U?** being produced from thorium, Th***, by 
neutron capture and f-ray decay in an external 
blanket. 

A convenient form of blanket would be a slurry 
of a thorium compound in liquid bismuth, and for 
this to be stable over the range of operating tempera- 
tures the thorium compound must have approximately 
the same density as the liquid metal, it must be sub- 
stantially insoluble in the liquid and it must also be 
wetted by the liquid. Thoria in liquid bismuth 
satisfies the first two requirements, and recent work 
at Wembley has shown that wetting of the thoria 
particles can be achieved by suitable processing. 
Work is continuing on a more detailed study of the 


the experiment, the volumeter is first evacuated and 
helium is then admitted to the graphite and sodium. 
As shown in (a), the helium at this stage has access 
to, and can penetrate, the pores of the graphite. 
The volumeter is again evacuated and sodium is 
then melted under vacuum so that the graphite sinks 
into it and is totally immersed for the required time 
at the test temperature. On cooling, the original 
amount of helium is then again admitted to the system 
and the amount pf mercury in limb L adjusted until 
the pressure regains its original value (6). The 
sodium now prevents the helium from reaching the 
pores of the graphite. In this way it is possible to 
measure the volume of the pores which are filled with 
sodium, as illustrated by the following example : 

4-241 gm. of graphite were used and found to 
displace 1-973 c.c. of helium. After melting and 
immersing in sodium at 270 deg. C. for 30 minutes 
and then cooling back to the original temperature, 
the volume of the system increased by the equivalent 
of 8-18 gm. of mercury, i.e. 


8:18 
13-54 
0-604 c.c. of pore volume had, therefore, proved 
inaccessible to sodium. The bulk density of the 


0-604 c.c. 
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original graphite, however, came to 1-64 gm./c.c. 
so that the total pore volume available was : 

4-241 

164 1-973=0-612 c.c. 

It is, therefore, concluded that no significant 
proportion of the available pore volume could be 
entered by liquid sodium at 270 deg. C. 

The penetration at higher temperatures was meas- 
ured. It has also been found that the thermal shock 
resistance of carbon is markedly affected by immersion 
in sodium. For instance, ungraphitised carbons 
have a much lower resistance than graphitised speci- 
mens. 


EFFECT OF NEUTRON IRRADIATION ON THE MECHANICAL 

PROPERTIES OF GRAPHITE. 

The possible use of carbon and graphite as a load- 
bearing member in the more advanced designs of 
nuclear power reactors emphasises the need for more 
precise knowledge of the mechanical behaviour of 
these materials under neutron irradiation. 

Fig. 9 represents the motion of the end of a thin 
graphite cantilever freely vibrating in flexure. It 
demonstrates that neutron irradiation raises the 
Youngs Modulus (as measured by the frequency) 
by a factor of more than 3 and reduces the internal 
friction. The internal friction is almost independent 
of frequency over the range 10-100 c.p.s. 

In general these results are consistent with the 
view that neutron irradiation tends to destroy the 


crystal structure of graphite. The “soft” graphitic 
character of the material tends to revert to the “ hard- 
ness” associated with amorphous carbon. The 
neutron irradiation of these specimens was carried out 
by courtesy of the U.K.A.E.A. 


CREEP OF GRAPHITE. 

Measurements of the creep rate of graphite have 
been continued.* The experiments were carried 
out by applying loads to cantilevers heated by the 
passage of an electric current, in vacuo, and to spring 
specimens heated in a high temperature, high vacuum 
furnace. The specimens were made in the laboratory 
by extruding a wide range of raw materials—pitch, 
coke, petroleum coke, lamp black, cellulose and 
natural graphite. Rectangular section springs were 
also machined from commercially manufactured 
materials—pile graphite and commercial electrode 
graphite. The transient creep coefficient has been 
related to temperature stress and elastic modulus so 
that, for any mode of deformation, the creep coefficient 
can be predicted up to 2,000 deg. C. from behaviour at 
room temperature measurements. The relationship 
found is the same for all raw materials so far examined. 


* G.E.C. Journal, Vol. 24, p. 57, January, 1957. 
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Fig. 9.—Effect of neutron irradiation on the Young’s modulus and internal friction of graphite. 


(i) Photographic record of the vibration of a strip cantilever of A grade graphite before irradiation, 
frequency 22-2 c/sec, film speed 5 in./sec. 

(ii) Photographic record of the vibration after irradiation, frequency 45-9 c/sec., film speed 10 in./sec. 

(iii) Effect of frequency on the internal friction of (a) unirradiated and (b) irradiated graphite. 








